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1, INTRODUCTION

The material presented in this Final report is concerned with the work
performed on An Additional Study and Implementation of Tone Calibrated Tech-

nique of Modulation for the Jet Propulsion Laboratory, contract number 957190.

Earlier studies [1,2,3] bave shown that pilot-aided coherent modulation
techniques, of which the Tone Calibrated Technique (TCT) is an example, can be
used to alleviate the effects of multipath fading in Land Mobile Radio (LMR)
communication links., It appears, at the moment, that there are no commercial
pilot—aided LMR links in operation. Conventional LMR links predominantly use
non—coherent detection methods at the receiver to allow rapid burst signal
acquisition. This also has the advantage of fast re4acquisition of the the
transmit signal when multipath fading is encountered. However, non—coherent
detection generally has a poorer bit error rate (BER) performance than

coherent and differentially coherent detection schemes,

Coherent detection schemes which regenerate a phase referemce directly
from the received signal, are typically not used on LMR links due to the com—
plexity involved in configuring them to track fading signals. As an alterna-
tive, pilot-aided techniques have much to offer due to the presence of a
transmitted reference. They are the subject of this report. The differen—
tially coherent receiver enjoys a BER performance which, for additive white
gaussian channels, lies somewhere between that of the coherent and non-
coherent detection schemes. In the presence of multipath fading, this
receiver displays an irreducible error detection floor, just as the in the

case of the non—-coherent detector.

The TCT communication method has been shown [4] to be theoretically free
from an error floor, and is only limited, in practice, by implementation con—
straints., Section 2 of this report introduces the concept of the TCT
transmission scheme along with a baseband implementation of a suitable demodu-
lator. Two techniques for the generation of the TCT signal are considered: a
Manchester source encoding scheme (MTCT) and a subcarrier based technique

(STCT).



Section 3 summarizes the results of the TCT link computer simulation
which was previously described in detail in the First Interim Report[5]. Sec-
tion 4 addresses the hardware implementation of the MICT system and outlines
the digital signal processing design considerations involved in satisfying the

modulator/demodulator requirements,

Section 5 presents a discussion on the program findings and suggests
future directions based on conclusions made regarding the suitability of the

TCT system for the transmission channel presently under consideration.

2, TCT DATA TRANSMISSION SYSTEM

The Tone Calibrated Technique has been explored in a related program [1],
sponsored by JPL, and discussed in the open literature [2]. The underlying
concept is the use of a pilot, or tone, to synchronously remove channel per-
turbations from the data bearing sidebands and, simultaneously, perform
coherent data detection. This requires that the pilot be situated at a suit-
able location in the transmit frequency band; the channel distortions should
be distributed symmetrically around this location and there should be no data
sideband energy present, It also assumes that the transmit link is linear to

avoid capture of the pilot due to hardlimiting effects.

The TCT system positions the pilot at the midpoint of the transmit band.
Prior to carrier modulation, the data modulated signal has been removed from
this location by the creation of a spectral null at zero frequency. The data
modulation scheme employed is M-ary Phase Shift Keying (PSK): this requirement
is imposed by channel bandwidth constraints and is not a limitation of the TCT
method, which is compatible with many other types of modulation schemes. For
the given signalling requirements, the transmission of data at a rate of 2.4
kbps in a 3.6 kHz RF bandwidth, using quadriphase PSK (QPSK) modulation offers
the minimum possible PSK signalling set.

The previous TCT program [1] was concerned with the proof-of-concept
phase and was principally a harware implementation study. Of major interest

was the realization of the TCT demodulator and its performance in the presence



of additive white gaunssian noise (AWGN) and hardware simulated multipath fad-
ing. An IF TCT demodulator was designed and studied. Results derived from
the experimental set—up indicated that the pilot—aided demodulation could
remove the error floor normally associated with non-coherent and strictly
coherent receivers, the latter case holding true when conditioned on the fact
that no attempt has been made to compensate for fading effects. This result
was subsequently supported by theoretical analyses [4]. The TCT system bit
error rate performance appears to be acceptable given the power penalty of
including the pilot. This encouraging result was somewhat overshadowed by the
doubling of the transmit bandwidth over that actually required by other modu-
lation schemes, This is due to the Manchester source encoding which was

employed to generate the spectral null around zero frequency.

Although the bandwidth constraints can be mitigated by using higher order
PSK signalling sets, it is reasonable to assume that their use would cause the
link bit error rate performance to degrade significantly due to the reduced

decision space and semsitivity to the recovered pilot.

This report is concerned with two major areas of the TCT system, (a) the
generation of the pre-modulation spectral null in the transmitter and (b) the
use of baseband processing techniques to implement the demodulator. The use
of digital signal processing elements to implement both the modulator and
demodulator was considered to be a key element and, consequently, is a topic

of detailed discussion in the report.

Two schemes were initially investigated for the generation of the TCT
signalling format and are described in the remainder of this section. The
first to be considered is based on a Manchester encoding scheme to generate
the spectral null at the transmitter; this was the method investigated in the
previous study. The other method considered centers on the use of subcarrier
modulation techniques for spectral null generation. It was decided during the
course of the program, primarily due to time comstraints, to pursue only the

Manchester TCT system to full hardware implementation.



2.1 Manchester Encoded TCT

2,1.,1 Modulator

Manchester source encoding acts upon the input digital dats in such a way
as to redistribute the data energy away from zero frequency. The resulting

power spectrum is given by:

M(f) ; sinz(x)sincz(x) 4 (2.1)
where
x = nfTs/Z
sinc(x) = sin(x)/x

Eqn. (2.1) clearly shows that a null is created at zero frequency and that the
main spectral lobe has almost doubled in width. To meet the single—sided RF
- occupancy requirements, which call for the transmit signal to be attenuated by
40dBC at 1.8 kHz removed from the center of the band, some form of spectral
shaping must be used. The shaping employed is the raised-cosine pulse in the
frequency domain with a maximum excess bandwidth fractiom, B, of 0.5. The
shaping is implemented a2s a time domain function and can be expressed as fol-

lows:

sin(nt/Tb) cos(nBtITb)

p(t) = nt/T

3 -—@o(t (= (2.2)
b (1-(2pt/T.)7)

where Tb is the bit rate, 2.4 kbps. The corresponding frequency spectrum is

given by egn.(2.3).

1: 0 <f < (1-B)/2Ty
p(f) = (2.3)
hl1-sin(aT _(f-1/2T,)/B)1; (1-B) (1+8)
b b —_—(f
2T, = " = 2T
1 b b



As previously mentioned, the modulation scheme employed is QPSK, so the input
data is split into even and odd streams, where the Manchester encoding and
pulse~shaping will be performed independently of each other. Figure 2.1

illustrates the complete Manchester system pre-modulation data processing.

Included in both processing paths of Figure 2.1 are highpass filters to
enlarge the necessary spectral null, It has been determined [1] that Manches-
ter encoding by itself does not create & sufficiently wide spectral null.
There is simply too much residual data energy which will overlap the pilot
recovery passband at the receiver and result in the degradation of the TCT
calibration process in the demodulator. Moreover, the pulse—shaping employed
has a constant amplitude frequency response in the vicinity of d.c. (see 2.3),
hence the need for additional spectral shaping through the use of the highpass

filters,

The pre-modulation processing is implemented digitally, this allows for
the use of linear phase, finite impulse response highpass filters. In this
way, an attempt is made to minimize the effects of intersymbol interference

(ISI) arising from the removal of the low frequency data energy.

The output of the highpass filters constitute the inphase (I) and gquadra-
ture (Q) components of the QPSK modulation. It is desired to use I and Q path
staggering to generate offset QPSK (OQPSK) as this reduces transmit envelope
amplitude variations, The Q path, Sq(t), is therefore delayed Tb/2 seconds
relative to the I path, Si(t). The exact description of Si(t) and Sq(t) is
delayed until section 4.2 where they are described in relation to the hardware

implementation., Signals Si(t) and Sq(t) are converted to analog waveforms,

‘then passed through lowpass reconstruction filters to generate signals Si’(t)

and Sq’'(t). These are then used to modulate a quadrature carrier pair as fol-

lows,
OQPSK(t) = Si'(t)cos(wot) + Sq'(t)sin(wot) (2.4)

where Yo is the radian carrier frequency.
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2.1.2 Demodulator

The demodulator configuration of the previous TCT study was an IF
arrangement which employed analog techniques., This study is considered to be
the next stage in the TCT demodulator development since it employs digital
baseband I/Q signal processing. The baseband approach is particularly attrac-
tive because its low data rate makes possible the extensive use of various DSP
techniques, Many signal processing chips are commercially available, and
could be utilized in this low data rate environment. This should reduce the
complexity of TCT transceiver bhardware as well as result in an implementation

that is well suited to custom IC fabrication,

The demodulator configuration investigated was derived from that sug-
gested by Davarian [2]. Figure 2.2 illustrates the digital Manchester based
TCT demodulator.

The received signal at the demodulator consists of the pilot tone and
OQPSK data signal, corrupted by multipath fading, along with a thermal noise

component. This signal can be expressed as follows,

r(t) aXtcos(wot + Yt) (2.5)

+

A/‘Z Si(t)Wtcos(wot + Yt)

+ A/NZ Sq()X sin(wpt + Y,)

+

Ni(t)cos(wot) + Ng(t)sin(wyt)

The first term of eqn.(2.5) represents the the pilot term, the second and
third terms correspond to the OQPSK signal, while the remaining terms are
attributed to the thermal noise. Xt and Yt are random variables which

describe the amplitude and phase variations used to model the multipath fading
effects [2].
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_The received signal is first passed through a bandpass filter and the AGC
amplifier before it is translated to baseband, where the majority of the pro-
cessing will take place. The bandpass filter is unsed to reduce the composite
input signal strength and excess noise bandwidth. The translation to
baseband is performed by mixing the received signal with quadrature sinusoids
operating at the IF frequency. In this way the inphase (I) and quadrature (Q)

signals necessary for baseband processing are generated.

The I and Q components of the received pilot are recovered by passing the
two streams through a filter which has a passband equivalent to the fading
bandwidth [1]. In parallel with this operation, the I and Q signals are also
fed to a delay buffer which compensates for the overall pilot processing time.
The delayed signals will eventually be utilized in conjunction with the
appropriately processed pilot I and Q signals, to obtain an estimate of the

transmitted data,

The received signal is corrupted by channel perturbations and for the
link considered, these perturbations are induced by additive white gaussian
noise and multipath fading. Hence, the recovered pilot signal will have
impressed upon it amplitude and phase related information about the fading.
The task of the pilot processing section is to extract this information from
the recovered pilot prior to data detection. A linear TCT pilot processor
that was considered previously produces an output with an amplitude component
which is the reciprocal of the input pilot amplitude. This method necessi-—
tates a squaring and division operation. The processing scheme employed here
uses I/Q hardlimiting in a similar fashion to that proposed earlier by
Daverian[6]. This has two advantages: it removes the fading amplitude com-
ponent from the recovered pilot and it simplifies the arithmetic processing
requirements. The I/Q hardlimiting is performed by taking the arctangent of

Q /I , recall (2.5),
P p

X cos(Qt + 0, - Y
_ -1 %% 0 o) _ _
? = tan [ﬁtsin(ﬂt y 90 - Tt-j-:ll = (at + 90 Yt) (2.6)

where 60 and Ot are residual system phase and frequency offsets. It can be



seen that the amplitude fading has been removed and that the output of the
arctangent function is an estimate of the phase perturbation process. This
output is then passed on to the detection algorithm, Since data detection is
a phase comparison process the pilot amplitude is not strictly required. The
long term data sideband amplitude variations can be handled using an AGC loop
with a control signal as given below, Faster variations can be addressed by
maintaining a sufficient processing signal-to—-noise ratio to meet the system
performance requirements at low absolute input levels, however, this is prob~-

ably only realistic for Rician fading channels.

The detection section of the demodulator performs the simultaneous opera-
tions of data recovery and the removal of channel phase perturbations. The
ouput of the arctangent function is converted to sine and cosine terms which

act as coherent phase references. The detection algorithm can be expressed as

follows,
ZI = IDC + QDS (2.7a)
ZQ = QDC - IDS (2.7b)
where

C = 2cos(¥), S = 2sin(¥)

and ¥ is as given in 2.6. ID and QD are the outputs of the delay buffers
from which the inphase and quadrature components of the recovered pilot, Ip
and Qp, have been removed, see Figure 2.2. This is accomplished by the action
of the adders immediately following the delay buffers. Signals ZI and ZQ are
then passed on to integrate—and—dump filters to produce estimates of the

transmitted data.

An AGC control signal can be derived by taking advantage of the pilot and
data detection processors. For example, the amplitude variations on the

inphase pilot component can be obtained as follows.

10



E = Ip/cos(!) (2.8)

E can then be compared to a nominal value and suitably lowpass filtered to

generate a control signal which will be used to set the gain of the IF AGC

amplifier.

2,2 Subcarrier TCT

The subcarrier version of the TCT (STCT) modem is, in fact, very similar
to the previously described Manchester modem. The main difference between the
two is the manmer in which the spectral null at d.c., which is necessary for
the proper transmission of the pilot tone, is created., The MTCT version
relies upon Manchester coding followed by highpass filtering of the shaped
data to remove unwanted sideband energy around zero frequency. The STCT
method, on the other hand, modulates the shaped data onto a very low frequency
subcarrier to redistribute its data sideband energy away from d.c. The
resulting frequency spectra of the two methods are similar, as wounld be
expected, however, software simulations indicate that the subcarrier method

does provide some advantages, and, hence, warrants atteation.

2.2.1 Modulator

Two advantages of the subcarrier method are immediately obvious. For

one, the modulation allows the arbitrary location of the data sidebands in a
symmetric position around d.c. Also, the pulse shaping can then be used to
control the low and high-side roll-off of these sidebands, which cannot be

done in the case of the Manchester encoded data.

The .implementation of this STCT modulator is quite simple, see Figure
2.3, The data bits are split into even and odd streams, bipolar encoded, then
pulse—shaped using the same raised-cosine filtering employed in the MICT modu-
lator. In this case, however, the excess bandwidth fraction must be reduced
to 0.4. The shaped data streams then modulate a quadrature subcarrier signal
pair operating at a frequency df 960 Hz. This frequency is a submultiple of

the data clock, which is very useful from an implementation standpoint since

11



YIXIW TVNIJ
ol

AONINDIAYA ¥ATYAVI-4NS

oa—

dd1

YOLYTINAOKH LOL ¥dI¥yvo-dns

v/a

o8

m

aao

XNW3aa

NAAd

€7 dANOII
2 o]
(3 MNIS (3 ™)S0D
AdVHS
4s1nd
m .
AdVHS

as1nd

(sdqy %°2)

Y

vivd

12



the sine and cosine generators are effectively synchronized to this data

clock.
It will be shown in section 3.2.1 that this method of frequency redistri-
bution does in fact produce the desired null at d.c. without the need for dual

highpass filters and the attendant penalty of added data ISI,

2.2.2 Demodulator

The demodulator for the subcarrier version of TCT, illustrated in Figure
2.4, resembles its MTCT counterpart. The difference here is the added remo-
dulation and subcarrier phase estimation functions., Fading compensation and
sychronous detection are performed at the subcarrier frequency:; hence the need
for the remodulation function which modulates the recovered pilbt phase onto
locally generated sine and cosine subcarrier phase references. These local
references are produced by phase—~locking a local source to the incoming
suppressed subcarrier. It should be noted that the action of the pilot in the
synchronous detector is to remove any residual frequency and phase offsets,
thus the subcarrier recovery circuits, in theory, only have to align the phase

of the local reference to the transmitted one.

This synchronization is performed by a first order phase—locked loop.
The outputs of the final data filters serve as a source of the receive phase
states. The receive phase states are compared to the known nominal receive
data phase states. The angular differemce between these two quantities
becomes the error signal. The phase—locked loop output is an estimate of the
phase difference between the local and the received subcarrier, this is added

to the recovered pilot phase angle prior to the remodulation process.

3. ICT SYSTEM COMPUTER SIMULATION

‘The initial investigation of the baseband Tone Calibrated Technique
required the development of a software simulation. A simulation was generated
which omitted the modelling of any channel perturbations so that the modem

performance could be evaluated solely in terms of system parameters.

13
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Subsequent development continued to focus on the signal processing struc-
tures of the modem. By concentrating on emulating the elements of the real-
time implementation, the simulation effectively became a valuable design tool.
The structure of the final design could be fully developed before committing
it to hardware, allowing for a relatively smooth implementation. The inclu-
sion of multipath fading and thermal noise to the simulation was not viewed as
critical, since the impact of these effects would be examined in the real-time

system.

The simulations were written in FORTRAN and interfaced to the Interactive
Laboratory System (ILS) digital signal processing software package for pur-
poses of graphical presentation and analysis. In addition, ILS was employed
in designing all the required digital filters, Linear phase filters were used
throughout to minimize phase distortion and the design algorithm employed was
the Remez Exchange Algorithm which produces equiripple in both the passband
and stopband. A data eye pattern was generated from a 210 - 1 pseudo-random
bit sequence and the recovered eye quality was used as an indication of system

performance, ILS jis commercially available through Signal Technology, Inc.

Appendix I contains a program listing of the MICT modem simulation

described in the next section.
3.1 Manchester Encoded TCT
3.1.1 Modulator

The Manchester encoded TCT modulator was first simulated as shown in Fig—
ure 2.1, except without the highpass filters. Since no channel modelling was
performed, the data was QPSK modulated to 12 kHz, the receiver final IF fre-
quency. The data at IF was represented as a 48 kHz sampled signal, consistent

with the demodulator IF sampling frequency.

In order to meet the specified bandwidth requirements, frequency domain
raised-cosine pulse—shaping was employed with a Nyquist excess fraction, B, of
0.5 at a data rate of 2.4 kbps., Figures 3.1(a) and 3.1(b) show respectively
the baseband data eye and the date eye spectrum. The pulse shape extends over

15



Baseband Manchester w/Shaping (Beta=0.5)
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Baseband Manchester w/Shaping (Beta=0.5)
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eight Manchester bit time periods and provides sufficient spectral occupancy
characteristics, i.e. over 40 dB of attenuation at 1.8 kHz from the center

frequency, while generating an eye pattern with points of no ISI,

Although the pulse shaping is more than adequate in fulfilling bandwidth
constraints, the genmeration of & zero frequency null is poorly implemented
with Manchester encoding alone. A null width of 100 Hz is desired for the
insertion of & carrier to track multipath fading characteristics. If a
bighpass filter is employed, a significant null can be created, see Figure
3.2(b); however, Figure 3.2(a) shows the distortion introduced by filtering

out low frequency components from the data.

A 91 tap highpass filter is used initially as a control to establish a
frequency response with a very sharp cut—off and no passband ripple. The 91
tap filter has a 3 dB point at 150 Hz and functions at the baseband processing
rate of 9.6 kHz. The degradation due to this filter is approximately 16% as
measured by comparing the size of the eye closure to the nominal opening. A
45 tap highpass filter design is also examined, since the longer length filter
cannot be implemented in the proposed processor for the real-time system., The
frequency response of this filter has a half dB ripple in the passband, a 3 dB
point at 150 Hz and less attenunation in the stopband. Figures 3.3(a) and
3.3(b) show the data eye pattern and the data frequency spectrum. Both
diagrams appear quite close to the 91 tap control filter simulation results,

with the 45 tap filter eye pattern showing slightly more ISI.

The final step in the modulator simulation involved generating a 48 kHz
sampled signal from the 9.6 kHz baseband process for the demodulator IF input
requirements. This was done in two steps. First, the 9.6 kHz signal was zero
insertion upsampled by a factor of 1:5 to a sampling frequency of 48 kHz., The
spectrum of this signal is shown in Figure 3.4(a). The baseband specfrnm is
centered at multiples of 9.6 kHz. The high frequency images are then removed
by lowpass filtering, yielding the spectrum of Figure 3.4(b). Although the
baseband images are still recognizable, they represent negligible energy com—
pared to the data spectrum. The 48 kHz sampled baseband data is then QPSK
modulated to the 12 kHz demodulator IF frequency.

18



Baseband Manchester w/Shaping and 9ist Order HPF
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Baseband Manchester w/Shaping and 9ist Order HPF
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Baseband Manchester w/Shaping and 45th Order HPF
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Baseband Manchester w/Shaping and 45th Order HPF
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3.1,2 Demodulator

The demodulator of Figure 3.5 wes simulated in modular form with each
block representing a different signal processing task that could be tested
separately for functionality. A specific effort was made during simulation
development to excercise system parameters for optimization of the real-time
demodulator design, Thé efficiencies of multi-rate processing were

emphasized.

Since the analog-—-to-digital converter is operating at a sampling fre-
quency of 48 kHz, four times the IF frequency, all adjacent samples are in
time quadrature. Translation to baseband is achieved by multiplying with a
square wave a four sample period which, in the digital domain, is spectrally
identical to a sinusoid of the same frequency. Every other sample of the
baseband signal is then separated into in—phase and quadrature components sam—
pled at a 24 kHz rate. Each component is divided into two streams. One
undergoes pilot recovery and the other is delay equalized to match the lowpass

filtering in the pilot processing.

The advantage of lowering the sampling frequencies clearly results in
reduced digital processing cost. Decimation in the signal paths leading to
the pilot recovery lowpass filters significantly eases both the processing
burden and the digital filter design. A decimation ratio of 5:1 causes no
aliasing and improves the lowpass cut-off to sampling frequency ratio, allow-
ing a much lower order filter implementation. The recovered pilot streams are
subtracted off from the delayed data and estimates of the channel phase per-
turbations are passed to the detection algorithm. The pilot processing and
data detection are simulated essentially as described im section 2.1.2: how-
ever, since there are different processing rates in the demodulator, some
method must be chosen to handle the different rate boundaries. A full inter-
polation to reconstruct the lower rate signal is expensive in processing cost.
A zero—order hold is simple to implement but has a poor frequency characteris—
tic as higher frequency images roll off with only a sin(x)/x response. As a
result, a first—order hold is implemented providing much better attenunation of
images. The processing cost is relatively low requiring only a one sample

deley in the pilot path and a linear interpolation.
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The results of the simulated demodulator output are compared with respect
to two performance criteria : recovered pilot quality and data eye quality.
Two different pilot recovery filters were used with 3 dB cut—off frequencies
representing maximum desired pilot bandwidth, 150 Hz, and minimum usable
bandwidth, 80 Hz. The filter characteristics are summarized in table 3.1,

The transmitted pilot level is 0.5 and the nominal eye opening is 2.0.

Figure 3.6(a) shows the recovered pilot using the 150 Hz lowpass filter
without the benefit of a highpass filter on the transmit end. The large vari-
ation from the transmitted level is due solely to data modulation of the
pilot. If the pilot of Figure 3.7(a) is compared to this one, a significant
decrease in variance is observed. Although data energy continues to leak into
the pilot recovery channel, the amount is greatly reduced at the transmit side
by the Manchester encoding. The large reduction in pilot variance suggests

that there is little data energy remaining in the frequency band below 80 Hz.

Figures 3.6(b) and 3.7(b) show the eye diagrams corresponding to the
recovered pilots. Both show the ISI jintroduced by the demodulator at the
detection algorithm., The eye pattern generated from the system employing the
150 Hz recovery filter is particularly bad due to the large data modulation

induced variance.

With the addition of a transmit highpass filter, the demodulator

recovered pilots more closely approach the transmitted levels, Figure 3.8(2)
shows the pilot obtained with the 150 Hz recovery filter and Figure 3.9(a)

shows the pilot recovered through the 80 Hz lowpass filter. Both pilots exhi-

bit considerable improvement due to the inclusion of the highpass filter,

The respective data eye patterns are shown in Figures 3.8(b) and 3.9(b).
A comparison between the detected eye diagram obtained with the 80 Hz recovery
filter and the transmitted data eyes of Figures 3.2(a) and 3.3(a) indicates
negligible distortion introduced by the demodulator.

A configuration which was not simulated but potentially results in
reduced ISI at the demodulator consists of transmit highpass filtering at a

frequency of 80 Hz and also employing an 80 Hz pilot recovery filter. This
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TABLE 3.1

PILOT RECOVERY FILTER CHARACTERISTICS

150 Hz Pilot Recovery Filter:

3 dB bandwidth 150 Hz
40 dB bandwidth 300 Hz
passband ripple 0.1 dB
sampling frequency 4.8 kHz

80 Hz Pilot Recovery Filter:

3 dB bandwidth 80 Hz
40 dB bandwidth 160 Hz
rassband ripple 0.1 dB
sampling frequency 4.8 kHz
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would result in a recovered pilot with slightly more variance than the omne of
Figure 3.9(a); however, the data eye should display less ISI since a signifi-
cant part of the data spectrum (80-150 Hz) is left intact.

The demodulator performance was also examined after introducing a 50 Hz
frequency offset to the modulated signal, Figures 3.10(a-b) show the detected
data eyes obtained with the 150 Hz and 80 Hz lowpass filters respectively.

The performance exhibited by the MICT configuration indicates the ability to

correct for a considerable frequency displacement,

3.2 Subcarrier TCT

3.2.1 Modulator

As an alternative to the MICT transmitter, the STCT modulator of Figure
2.4 was fully simulated. The STCT modulator relies on the subcarrier modula—
tion to create the spectral null for pilot insertion; therefore, its design is
considerably simplified by omitting both the Manchester encoding and the
highpass filters. Frequency domain raised-cosine pulse shaping is again used
in the STCT system. An excess bandwidth fraction of 0.4 is employed for pulse
shaping and a 960 Hz subcarrier, for QPSK modulation in order to meet the
single—~sided spectral occupancy requirement of a 40 dB attenuation at 1.8 kHz
from the center frequency. The modulator output is a 48 kHz sampled stream

translated to a 12 kHz IF,

The baseband data eye is shown in Figure 3.11(a) and 3.11(b) shows the
corresponding spectrum. Figure 3.12 shows both the QPSK modulated data omnto
the subcarrier and the spectral null. Since no energy has been removed from

the data signal, unlike the MICT system, the transmitted data is free of ISI,
3.2.2 Demodulator

The translation process from IF to baseband in the STCT demodulator was
changed slightly from the one used in the MICT system. Demodnlation was
achieved without a local reference by taking advantage of the fact that the

data bandwidth is small in comparison to the samplimg frequency. In the STCT
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simulation, & ratio of 4:1 was employed and adjacent IF input sample pairs
were translated to 12 kHz in—-phase and quadrature baseband components, Fig-
ures 3.13(a-c) detail the demodulation process. A further decimation of 5:1
in the signal paths leading to the pilot recovery lowpass filters was used
causing aliasing in the data but not in the pilot. The aliased portion of the
spectrum is located in the stopband of the recovery filter and contributes no
negative effects, see Figures 3.14(a-b). The final processing rates in the
STCT simulation were 12 kHz for the data arms and 2.4 kHz for the pilot chan-
nels (these rates can be applied to the MTCT simulation as well).

The results of the subcarrier demodulator simulation are summarized in
Figures 3.15(a-b) and 3.16. Figure 3.15(a) shows a recovered pilot with vir-
tually no data modulation corrupting it, resulting in the corresponding
recovered eye pattern of Figure 3.15(b) which shows no ISI. A frequency
offset test was also performed with the subcarrier simulation. Figure 3.16
shows the recovered data eye which displays noticeable distortion, Some prel-
iminary investigation seemed to indicate that ISI is produced by imperfect
cancellation of the frequency offset double term product in the detection
algorithm. The distortion introduced by this term is assumed also to be

present in the MICT demodulator.

Table 3.2 compares the recovered pilot variances for both the MTCT and
STCT systems. All variances are referenced to the recovered subcarrier pilot

variance level.

4., MODEM HARDWARE IMPLEMENTATION
4.1 Manchester Encoded TCT

The Manchester encoded TCT was the method chosen by JPL to be followed
through to a hardware realization., Consequently, the MICT modem is the major
topic of this section. To date & stand-alone board that serves as the digital
modulator for both the MICT and STCT systems has been completed and is fully
tested and functional., The required RF circuitry for the modulator and demo-

dulator has also been designed and tested. The transmitter RF portion has
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Figure 3.14(a) Aliased Baseband Svectrun
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Figure 3.14(b) Recovered Pilot After Lowpass Filtering
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TX HPF

YES

NO

YES

NO

Table 3.2

MANCHESTER TCT

PILOT REC. LPF

150 HZ

150 HZ

80 HZ

80 HZ

SUB-CARRIER TCT

150 BZ

RELATIVE PILOT LEVEL

22.8 DB
17.5 DB
16.1 DB

6.2 DB

0.0 DB

Recovered Pilot Variances in dBs
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been integrated with the stand-alone modulator board and and is operative, as
will be shown later. A circuit board design had been initiated for the MTCT
demodulator and the TMS320 code is written, however, due to insufficient time
to complete construction within the project schedule, it was decided by JPL
not to follow it through to completion. The MICT TMS320 software used in the

premodulation processing is included in Appendix II.

Since the hardware implementation of the modulator was discussed previ-
ously in both the first and second interim reports, only the salient features

will be presented in the following section,

4.1.1 MICT Modulastor Implementation

A block diagram of the final stand-alone digital modulator is shown in
Figure 4.1. All processing tasks are performed by the Texas Instruments
TMS320, the remaining components of the board are necessary for the proper
function of the TMS320. The program code is held in the 2K of EPROM and is
read into the 2K of RAM upon the booting of the system. In this way, a slow
access time, UV erasable PROM can be used in conjunction with fast RAM to
avoid usage of once-only programmable bipolar PROM. The I/O block consists of
three latches which control the two system outputs and single system input.
The two remaining blocks pertain to the control timing of the processing. The
Master Timing block includes a 20 MHz clock for the TMS32010 processor chip,
vhile the other I/O timer strobes the TMS320 at a rate of 9.6 kHz., indicating
that it is time for the system to release an inphase and quadrature sample
pair to the QPSK modulator. Also, on every fourth set of outputs, a new data

bit is read in,

The details of the modulator code were presented in the First Interim
report (1] and will only be briefly summarized here. The TMS320 accepts a
binary input at a rate of 2.4 kbps. These input bits are split into even and
odd data streams prior to Manchester encoding. Encoding is performed only
after two data bits have been input which has the effect of synchronizing the
inphase and quadrature streams. The next step in the modulation process is to

shape these encoded bits,
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The pulse—shaping chosen for implementation is the raised-cosine shape
with an excess bandwidth fraction, B, of 0.5, as discussed in section 2,1,

The raised-cosine pulse—shape is truncated such that it spans eight Manchester

-encoded data bits and is represented digitally by four evenly spaced samples

per bit, for a total of thirty—two samples per pulse waveform. As will be
shown presently, this representation of the raised-cosine pulse is sufficient
to produce a transmit data 'eye’ of the desired quality and spectral occu-—

pancy.

These thirty—two pulse—shape coefficients are stored in ROM and listed in
Teble 4.1. This table includes both the actual values of the coefficients as
well as the scaled values ugsed in the TMS320 implementation. The encoded data
bits are pulse~shaped by simply multiplying these coefficients by the code bit
in question. Therefore, a +1 is represented by the thirty—two coefficients
that appear in Table 4.1, a -1 by their inverse. At any point in time, the
output of the pulse—shaping section is simply the sum of the samples from all
waveshapes that are non—zero at that instant in time. Due to the truncation
of the pulse—shape, only the waveforms representing the eight most recent Man—
chester bits are non-zero and, hence, taken into consideration. Since there
are four samples of the pulse—shape per Manchester bit period, there will be
four ountputs per I/Q stream from the processor chip per Manchester bit. The
inphase and quadrature shaping is identical and operates independently on the
separated even and odd data bit streams. Hence the I and Q shaping can be

represented by the general equation:

t;

s(ti + j) = =g_

n
1

cb * P(4(n-t, + 8) + j) j=1,2,3,4 (4.1)
7 n i

where ti is the time index of the most recent Manchester bit, cbn refers to
the encoded data bits (even or odd), the index j is an output pointer which
indicates which of the four outputs for this particular set of code bits is
under consideration, and the P(,) terms are the raised-cosine pulse—shape sam-—
ples listed in table 4.1, After all four output samples have been generated,

a new code bit enters into play, and the oldest bit of the last nine is
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P(1)
P(2)
P(3)

P(4)
P(5)
P(6)
P(7)
P (8)
P(9)
P(10)
P(11)
P(12)
P(13)
P(14)
P(15)

P(16)

P(32)
P(31)
P(30)

P (29)
P (28)
P(27)
P(26)
P(25)
P (24)
P(23)
P(22)
P(21)
P (20)
P(19)
P(18)

P(17)

Table 4.1

Pulse Shaping Coefficients

Actual Value

Scaled Value

.00219
.00555

.00464
.000867
.00114
.01056
.0221
.01599
-.02533
-.09172
-.1334
-.07953
.1159
.4289
.7587

.9709

53

36
91

76

14

19
173
363
262
-415
-1503
-2186
-1303
1899
7028
12431
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discarded. Figure 4.2(a) shows the resulting eye diagram after Manchester
encoding and raised-cosine pulse shaping. Note that at the sampling instants
there is no intersymbol interference. Figure 4.2(b) shows the shaped spectrum
corresponding to the eye diagram of Figure 4.2(a). Observe that, due to the
addition of the Manchester coding, a shallow notch in the spectrum has
appeared at d.c. In the next section of the modulator, this notch will be

enlarged to facilitate pilot insertion and pilot processing at the receiver,

After the pulse~shaping has been completed, the shaped I and Q streams
are sent on to be highpass filtered. This is done to accentuate the notch at
d.c., which was initialized by the Manchester coding. Two FIR highpass
filters were considered for implementation: one with 91 taps and the other
with 45, Close inspection of the resulting eye diagrams and spectra indicated
that the 45 tap filter was sufficient for the desired purposes and was imple-
mentable within the DSP chip. The actual and scaled values of the 45 tap
weights used in the TMS320 implementation are listed in table 4.2. The filter
design specifications used in the computer—aided design of this filter are as

follows:

Stopband: 0 to 100 Hz
Passband: >=250 Hz
3 dB Point: 150 Hz

0.5 dB Ripple: )>=250 Hz
20 dB Attenuation at d.c.

Linear Phase Response

The impulse reponse of the TMS320 version of this high pass filter is shown in
Figure 4.3.

The pre-modulation processor output can be represented by the following

constant coefficient difference equation:
44
{

x(k) = s.z H(() (4.2)
lzo k
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Table 4.2

Tap Weights - 45 Order Filter

Actual Value Scaled Value
H(0) = H(44) -.0281 -115
H(1) = H(43) -.0083 -34
H(2) = H(42) -.0094 -39
H(3) = H(41) -.0106 -43
H(4) = H(40) -.0118 -48
H(5) = H(39) -.0130 -53
H(6) = H(38) -.0142 -58
H(7) = H(37) -.0155 -63
H(8) = H(36) -.0167 -68
H(9) = H(35) -.0179 -73
H(10) = H(34) -.0191 -78
H(11l) = H(33) -.0202 -83
H(12) = H(32) -.0213 -87
H(13) = H(31) -.0223 -92
H(14) = H(30) -.0232 -95
H(15) = H(29) -.0241 -99
H(l6) = H(28) -.0249 -102
H(17) = H(27) -.0255 -104
H(18) = H(26) -.0261 -107
H(19) = H(25) -.0265 -109
H(20) = H(24) -.0268 -110
H(21) = H(23) -.0270 -111
H(22) .9829 3985
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where x(k) is the system output, = s(ti + j) are the shaped samples from
equation 4.1, and the H(scripl) terms are the high pass filter coefficients
listed in Table 4.2, Highpass filtered inphase and quadrature samples are
output simultaneously at a rate of 9.6 ksps. To generate the data staggering
of OQPSK, the odd stream output is delayed by two output sample periods, or
one~half of a Manchester bit period. Figure 4.4(a) shows the highpass fil-
tered Manchester eye diagram., Note that intersymbol interference has been
introduced at the sampling instants by the action of the highpass filter, as
predicted in the software simulation., The frequency spectrum of the processed
data for a random data input source is shown in Figure 4.4(b), and shows that
the notch at d.c. has in fact been accentuated. However, this technique
removes low frequency data energy as well, which results in the introduction

of ISI into the transmit eye diagram,
4.1,2 Demodulator

This section describes the final state of the hardware implementation of
the MICT baseband demodulator. As with the modulator, the main processing
element in the demodulator is the TMS32010 DSP chip. The stand-alone digital
demodulator circuitry has been designed at the schematic level and requires
twvo TMS320 processor chips to implement in its entirety. The RF receiver cir—
cuitry, see [7], has been designed, built and tested. The demodulator code
has been written for both TMS320 processors, and has been debugged to the
extent possible with the available software simulation packages. The TMS320

demodulator software has been included in Appendix III.

A block diagram of the digital MTCT demodulator appears in Figure 4.5,
It is necessary to employ two TMS320 processors due to the complexity of the
demodulation scheme; the partioning of the signal processing requirements

between the two processors is as indicated in Figure 4.5,

The received signal is translated to a suitable IF frequency by the RF
circuitry and then converted to a digital signal prior to demodulation. The
RF circuitry includes a2 step attenuator and bandpass filter which are used to
accurately set carrier—to-noise ratios. The bandpass filter is also used to

reject unwanted mixer products.
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The received signal is fed to the RF port of a double balanced mixer
where it is mixed with the LO signal,. A low-side mix arrangement is used
with a 149.999988 MHz LO, producing anr intermediate frequency of 12 kHz. The
resulting IF signal is filtered and amplified by a fixed gain stage.

Automatic Gain Control has not been considered in this implementation, due to
its added complexity, however, if it was to be included, it would be intro—
duced after the IF filtering as part of the IF gain stage. The output of the
gain stage is then fed to the input of a 14-bit A/D converter, operating at 48
ksamples/second, i.e. four times the IF frequency, to generate the digital
input to the baseband MICT demodulator. This sample rate will eventually pro—
duced 10 samples per Manchester code bit or 20 per raw data bit, which, as
shown by computer simulation, is more than sufficient for the demodulation and

detection processes.

Due to this particular choice of sampling frequency, four times the
intermediate frequency, it is apparent that quadrature sample pairs have been
produced. This can be directly compared to the conventional gemeration of I
and Q signals which employs quadrature analog mixing. As a direct result of
the 4%IF sampling frequency, the sampled IF signal eminating from the A/D is
such that every other pair of samples are phase inverted. Translation to
baseband is accomplished by simply changing the sign of these inverted quadra-
ture pairs. This is equivalent to mixing the IF signal with a square wave of

the same frequency.

The amount of processing necessary for implementation of the digital
demodulator cannot be performed at a rate of 48 ksamples per second by a sin-
gle TMS320, To ease the implementation requirements, multirate processing has
been used. This requires that the input signal be bandpass filtered to meet
the Nyquist criterion for the maximum decimation signal processing path to
avoid adjacent channel and noise aliasing (foldover). The bandpass filter

meeting these requirements has the following specifications:
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Passband Center: 12 kHz.
-3 dB points: 10.2 and 13.8 kHz.
-45 dB points: 6.24 and 17.74 kHz.

Linear Phase Response

The filter coefficients are listed in Table 4.3 along with the scaled
values which are used in the TMS320 implementation. The bandpass filter code
was tested vsing the TI TMS320 EVM (Evaluation Module) board; however, dme to
the limitation of the on-board A/D, the filter was implemented witk a sample
rate of 39 kHz. The amplitude and phase responses of the 39 kHz version of
this bandpass filter are shown in Figures 4.6 and 4.7. These correspond to
the desired 48 kHz sample rate filter when the above specifications are scaled

by the factor (39/48).

The next step undertaken following the bandpass filter is to split the
input data stream into inphase and quadrature channels. Recall that the I and
Q streams are generated by sampling the IF signal at four times the IF fre-
quency and processing the samples as discussed above. However, in the imple-
mentation considered, omly every other sample pair is used thus avoiding the
need for the inversion of alternate sample pairs without any loss of informa-
tion, The remaining pairs are demultiplexed, with the first sample of each
pair being placed in the I channel and the second in the Q channel. As a
result of this demodulation and subsequent splitting of the received data
stream, the rate of each of these channels is 12 ksamples per second, or §

samples per Manchester code bit.

The remainder of the processing in the first TMS32010 is the same for
both the inphase and guadrature channels and, therefore, only one channel will
be described. The I (or Q) signal is first reproduced to form two duplicate
streams., One of these duplicate streams is decimated by five, which reduces
the sampling rate to 2.4 kHz, and is immediately sent on to the second TMS320
processor, where it will be low pass filtered as part of the pilot processing.

It is important to note that this decimation does not cause aliasing in the

64



H(1l)
H(2)
H(3)
H(4)
H(5)
H(6)
H(7)
H(8)
H(9)
H(10)
H(1l1)
H(12)
H(13)
H(14)
H(15)
H(16)

H(31)
H(30)
H(29)
H(28)
H(27)
H(26)
H(25)
H(24)
H(23)
H(22)
H(21)
H(20)
H(19)
H(18)
H(17)

Table 4.3
Bandpass Filter Coefficients

Actual Value Scaled Value
-.1193 E-5 0
-.5156 E-3 -34
-.3013 E-6 0
-.01183 =775
-.2559 E-6 0

.0304 1994
-.7395 E-6 0
-.0302 -1980

.8667 E-6 0
-.0237 -1551

.1482 E-5 0

.1346 8822
-.8743 E-6 0
-.2524 ~-16544

.1010 E-5 0

.3035 19888
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REF LEVEL /D1V MARKER 8 750. O00Hz
20. 000dB 10. 000dB MAG (A/RD 7. 302dB

//A\T——‘\\
/ N

____sg—"]

START 3 0O00. OOOHz STOP 16 S00. DOOH=z
AMPTD 15. OdBm

FIGURE 4.6 MAGNITUDE RESPONSE OF BANDPASS FILTER, 16 BIT

COEFFICIENTS, SAMPLING FREQUENCY = 39 kHz
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REF LEVEL /701V MARKER 9@ 7S0. O00OHz
0. Odeg 45. 000deg PHASEC(A/R> 45. 312daeg

START 4 875. O0O0H=z STOP 14 625. 000HZz
AMPTD 15. OdBm

FIGURE 4.7 PHASE RESPONSE OF BANDPASS FILTER IN FIGURE 4.6
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pilot filter passband but does improve the filter cut-off to sampling ratio,

making it possible to use a lower order filter.

The other sample stream is placed into an external RAM, which functions
as a delay buffer to compensate for the pilot processing input/ouput delay,
thereby maintaining synchronization between the two streams. The external RAM
stores the samples until it is time to send them on to the second TMS320 pro-
cessor, where the pilot tone component will be removed from these appropri-
ately delayed samples. The remaining functions of the demodulator are per-
formed in the second processor which, conceptually, consists of two parallel
paths, one dedicated to the pilot processing and the other to the delayed
data., These paths converge at the detection algorithm, where fade compensa-
tion and synchronous data detection are performed. As stated above, the I and
Q data stresams undergo identical processing, as do the inphase and quadrature

baseband pilot compdnents.

The first operation performed in the processing of the pilot is to
lowpass filter the undelayed, decimated I and Q sample trains in order to
recover the pilot tone componments. Assuming an expected worst case fading
frequency of 80 Hz at the receiver, the lowpass filter design specifications

are as follows:

-3 dB at 80 Hz.
-39 dB at 160 Hz.

Linear Phase Response

The pilot lowpass filter coefficients are listed in table 4.4. Included
are the 13 bit scaled integer values used in the TMS320 software, The pilot
digital filter was designed to operate at 2.4 kHz to achieve its desired fre-
quency response; however, it was tested on the TMS320 EVM board at a 39 kHz
sampling rate for better frequency resolution. The resulting magnitude and
rhase responses, of Figures 4.8 and 4.9, are therefore scaled by the factor
(39/2.4). Responses are not shown to zero frequency due to leakage from the

local oscillator of the network analyzer.
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H(12)
H(13)
H(1l4)
H(15)
H(16)
H(17)
H(18)
H(19)
H(20)
H(21)
H(22)

H(64)
H(63)
H(62)
H(61)
H(60)
H(59)

H(58)

H(53)
H(52)
H(51)
H(50)
H(49)

H(48)

Table 4.4

Pilot Lowpass Filter Coefficients

Actual

Value

Scaled Value

.00623
.00079

.00031

.00052

.00164

.00294

.00426

.00538

.00609

.00619

.00550

.00393

.00148
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00173
00550
00936
01297
01578
01728
01696
01443
00945

00193

-204
-26
-10
17
54
96
139
176
200
203
180
129
49
-57
-179
-307
-425
-517
-566
-556
-473
-310
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Table 4.4

Pilot Lowpass Filter Coefficients

H(41)
H(40)
H(39)
H(38)
H(37)
H(36)
H(35)
H(34)

H(33)

Actual Value

Scaled Value

.00799
.01994
.03338
.04758
.06169
.07483
.08613
.09480
.10028

.10215
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262

654

1094
1559
2021
2452
2822
3107
3286

3347



REF LEVEL /D1V
30. 000dB

10. 000dB MAG CA/RD
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FAN
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FIGURE 4.8

STOP 4 000. OOO0OHZz
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MAGNITUDE RESPONSE OF THE PILOT LOWPASS FILTER,

13 BIT COEFFICIENTS, SAMPLING FREQUENCY
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REF LEVEL /D1V MARKER 7S54. O0O0H=z
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AMPTD 10. OdBm

FIGURE 4.9 PHASE RESPONSE OF THE PILOT LOWPASS FILTER IN

FIGURE 4.8
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The filtered I and Q streams are utilized in two ways: (1) they are
passed on to the pilot processor and (2) they are subtracted from their
respective delayed I/Q sample train., The latter operation removes the pilot
from the unfiltered 12 kHz sample stream and the result is sent to the detec-

tion algorithm.

The subtraction of the lowpass filtered signal from the delayed sample
stream may at first appear to be straightforward, however it is complicated
by the multirate processing. Specifically, the unfiltered stream has a sample
rate of 12 kHz, while the filtered stream, having been decimated by five, has
a sample rate of only 2.4 kHz, In order to perform the subtraction, a linear
interpolation of the sample values of the 2.4 kHz stream is used to raise the
sample rate., Linear interpolation was selected over the less complex zero—
order hold method because the software simulation of this demodulator indi-
cated that the additional accuracy afforded by the interpolation method is

necessary.

The I and Q recovered pilot components, at 2.4 ksamples/sec, are passed
onto the pilot processor block which extracts the fading phase information.
This, in turn, is passed onto the detection algorithm where it is used to
mitigate the fading effects on the data sidebands. This process is based on
the assumption that the pilot has been exposed to the same channel perturba-
tions as the data, e.g. Rician or Rayleigh multipath fading. The I and Q out-
puts of the the pilot processor are used in the detection algorithm as
coherent phase references. The pilot processing function is detailed in equa-

tion 4.3.

tan 1(9) = Q /I = cos(9)/sin(9) (4.3)

In the actual implementation, the inverse tangent is not evaluated, rather,
the result of the Qp/I division is used to determine the corresponding sine
and cosine velues via a look—up table, The periodicity and symmetry of the
trigonometric functions are exploited to minimize the size of this look-up
table, only cos(¢) and sin(¢) values for ¢ in the range [0,n/4] need be stored

in order to implement this function., Therefore, this processing block will
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first divide a quadrature sample by its corresponding inphase sample, then
simply use this look-up table to locate the appropriate cosine and sine
values., The [0,n/4] angle range is subdivided into 128 levels. Software
simulations have shown that this is of sufficiemt accuracy. These cosine and
sine terms are sent on to the next phase in the demodulator, the detection

algorithm,

The last section of the demodulator is the detection algorithm., This
function block uses the sine and cosine of the pilot angle, which at this
point should consist of the pilot tone with amplitude variations removed, as
coherent phase references for the simultaneous operations of data recovery and

the removal of channel phase perturbations. The algorithm is as follows:

N
n

ZIDcos(9) + ZQDsin(P) (4.4)

and

N
]

ZQDcos(?) - ZIDsin(f) (4.5)

where ID and QD are the inphase and quadrature samples from the 12 kHz
streams, The demodulated signals, ZI and ZQ. are then fed off chip to analog
integrate—and-dump data detectors to produce an estimate of the transmitted

data.

As in the case of the removal of the pilot signal from the received sig-—
nal, the detection process is complicated by the multirate processing. Here,
the I and Q streams are sampled at 12 kHz while the cosine and sine signals
are sampled at only 2.4 kHz, As before, linear interpolation is employed to
match the rates of the two streams. The outputs of the detector consist of
one inphase and one quadrature data channel, which are filtered to remove out-
of-band noise before they are sent on to the detector/decoder board. The

specifications for this final data filter are
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—30 dB at 204 kﬂz.

Linear Phase Response

The coefficients and their scaled integer values for the data lowpass
filter are listed in table 4.5. The designed sampling frequency is 12 kHz,.
The tested sampling frequency is 19.52 kHz, yielding a scaling factor of
(19.52/12) for the magnitude and phase frequency responses of Figures 4.10 and
4.11.

4,2 Subcarrier TCT Modulator

In section 2, the subcarrier method of TCT was presented, and proved to
be similar, in many respects, to the Manchester encoded TCT. The basic
difference between the two approaches is the way in which they create the
spectral null at d.c. The STCT version creates this null by simply modulating
the data onto & very low frequency subcarrier. The similarities between the
twvo approaches carry through to their hardware implementation. A hardware
version of the STCT modulator was also completed. It utilizes the same stand-
alone board and RF circuitry employed in the MICT modulator. In order to
change modulation methods, it is only necessary to replace the two EPROM’s

used for program memory with those containing the subcarrier code.

The TMS320 implementation of the STCT modulator, outlined previously in
Figure 2.3, is quite similar to the MICT version described previously. The
data is input at the same rate, 2.4 kbps, and is immediately split into
separate inphase and quadrature channels. The Manchester coding is replaced
here by a simpler bipolar coding scheme, and the code bits are then sent on at

a rate of 1.2 kbps to the pulse shaping section.

The pulse shape used for the STCT modulator is the same as that employed
in the MICT modulator, a raised-cosine waveform with a § of 0.5, truncated to
eight code bits., The subcarrier version, however, represents this waveform in

the digital domain by eight samples per bit, instead of the four which were
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H(16)
H(17)
H(18)
H(19)

H(20)

H(35)
H(34)
H(33)
H(32)
H(31)
H(30)
H(29)
H(28)
H(27)
H(26)
H(25)
H(24)
H(23)
H(22)

H(21)

Table 4.5

Data Lowpass Filter Coefficients

Actual

Value

Scaled Value

76

.00453
.00306
.01315
.00009
.00535
.01099
.00104
.01268
.01460
.00315
.02296
.01866
.01308
.03960
.02212
.03587
.07452
.02444
.12216
.28662

.35858

-37
-25

108

-44

-90

104
120
-26
-188
-153
107
324
181
-294
-610
-200
1001
2348

2937



REF LEVEL /7DIvV MARKER 1 9860. O0O0OH=z
33. 000dB 10. 0004dB MAG CA/R> 10. 313d8B

START 700. OO0OH=z STOP 7 000. OO0OH=z
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FIGURE 4.10

MAGNITUDE RESPONSE OF THE DATA LOWPASS FILTER

13 BIT COEFFICIENTS, SAMPLING FREQUENCY = 19.52 kHz
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REF LEVEL /D1V MARKER 1 146. OO0OHz
0. Odeg 45. 000deg PHASE CA/RD 83. 158deg
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AMPTD 11. 0OdBm

FIGURE 4.11 PHASE RESPONSE OF THE DATA LOWPASS FILTER IN

FIGURE 4.10
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used earlier. This doubling of the number of samples per bit insures that the
output of the pulse shaping section has a rate of 9.6 ksamples per second, the

same rate the output waveform has in the MICT implementation.

The eye diagram produced by the STCT pulse shaping section is shown in
Figure 4.12(a). Note, once more, that at the sampling instants there is
negligible intersymbol interference., The spectrum of this waveform is shown

in the following illustration, Figure 4.12(b), and is the required 40 dBc at
1.8 kHz.

The final block of the STCT processor is the modulation section. Here,
the shaped even stream is multiplied by a cosine term, the odd stream by a
sine term, they are summed and then passed to the RF circuitry. The subcar-
rier frequency of these sine and cosine terms was chosen to be 960 Hz because
it is an integer submultiple of the data rate 9.6 kHz, This means that only
ten sample values of each sinusoid need to be stored in order to implement the

modulator., The result of this modulation is then sent on to the D/A on the RF

board.

The spectrum produced by the STCT modulator is shown in Figure 4.13. The
modulation has produced a deep null at zero frequency, where the pilot would
be placed. This null is deeper than that created by the MICT modulator, as
expected, The null width could be increased and the bandwidth reduced to the
specified 3.6 kHz by simply changing the pulse shape to have a B value of 0.4.

5. CONCLUSIONS

The two major goals of this program were the design of an improved, all
digital, Manchester encoded based TCT modulator as well as the investigation
of a baseband I/Q demodulator and detector. It is believed that both of these
goals were achieved and,'in addition, a viable alternative to the Manchester

system, the subcarrier techmique, was derived.
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Computer simulation and hardware implementation were employed to investi-
gate the Manchester TCT modulator proposed by Davarian [2] which included a
highpass filter to improve the spectral null created by the Manchester source
encoding. The results obtained showed that the spectral null at zero fre-
quency could be enlarged by the filtering, however, the removal of the low
frequency data energy introduced intersymbol interference of approximately 18%
into the transmit data eye. This was considered to be a significant disadvan-
tage given the amount of additional filtering that was required in both the
inphase and quadrature paths, It is apparent that this technique is less than
optimum especially since no advantage was being derived from the raised-cosine

shaping in the critical area of the spectral null,

To gain the advantage of the pulse—shaping and simultaneously remove the
need for the highpass filters, it was clear that a subcarrier modulation tech-
nique should be explored. This would permit the arbitary location of the
upper and lower data sidebands at a point where they would be symmetrical
around the transmit band center. This would also allow for equal sideband
roll-off without incurring an ISI penalty, by virtue of the excess bandwidth
fraction. In this way the shape of the datas spectrum around zero frequency
can be easily controlled, In addition, the premodulation processing is sim—
plified, as was shown in section 2.2.1. It has also been demonstrated that,
using the STCT processor, it is now possible to perform fully digital QPSK
modulation with all the attendant advantages, such as improved carrier
suppression, pilot insertion and adjustment free operation. The subcarrier
TCT modulator was simulated and constructed, and demonstrated superior perfor-
mance to that of the MICT counterpart. The use of the subcarrier, however,
slightly complicates the demodulator arrangement over that of the MTCT system
but this is not considered to be a serious problem, as has been borne out by

computer simulation,

Considerable effort was directed towards the design, computer simulation
and implementation of a baseband TCT compatible demodulator. The salient
features of the selected configuration are: a pilot phase~recovery—only
scheme, used to reduce implementation complexity; inband pilot components in

the I and Q data paths, removed by a simple subtraction process: multi-rate
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processing, also for reduced complexity; and a provision for a long term AGC

function.

Computer simulation of both the Manchester and subcarrier demodulators,
in conjunction with their respective modulators, revealed no conceptual prob-
lems, however, neither system was tested with either simulated noise or fad-
ing. The results of the software simulation did show that for a 16 bit pro—
cessor architecture, the demodulator processing should not significantly
degrade the overall system performance. This was confirmed by preliminary
results of the real-time implementation, Direct comparisons of digital filter
frequency responses between the simulation and the hardware indicated little
difference in both magnitude and phase. As a result, the increase in complex-
ity for floating point arithmetic processing is not considered an acceptable
alternative. The same reasoning applies to any discrete hardware approach.
The TMS320 provides sufficient processing power and the shortest critical path

time in system development,

The additional processing required by the subcarrier demodulator, the
remodulation and phase estimation processes, do not appear to impact the sys-
tem performance and are readily implementable in the DSP chip. The simula-
tions show that the subcarrier phase estimation loop acquires sychronization
rapidly, as would be expected from a first order loop, and, consequently,

would have little impact on the system throughput.

Given the RF channel allocation and eventual data rate of 4.8 kbps in §
kHz, it would appear that neither Manchester nor the subcarrier techniques
offer a viable solution. Even with expected peformance gain of the subcarrier
technique, it is clear that the system is very wasteful in terms of bandwidth
and as 2 result requires excessively large M—ary signalling schemes for date

transmission.

A potential candidate TCT scheme which approaches the system bandwidth
goals is the dual-pilot method proposed by General Electric [8], and subse-
quently analyzed by Simon [9]. In this scheme, the bandwidth requirements can
be reduced by a factor of two, however, there is a power performance penalty

incurred due to the use of two pilots, This penalty may tend to ultimately
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balance out the performances of the single and dual pilot schemes.,

The dual-pilot scheme is slightly more complicated that either single

pilot scheme but is still amenable to digital implementation using similar

techniques to those developed during this program, Consequently, this scheme

would be a worthwhile subject for future work in an attempt to derive the

optimum TCT transceiver for the satellite fading mobile communication link,

6.
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APPENDIX I

TMS320 BANDPASS FILTER SOFTWARE
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FIFOAD
%

IACH
1ACL

*
CLYSIZ
BUFBEG
CJEFFS
*

]

*

% N

NTRFT

S i

EQU
EQU
EQU
EQU
EQU
EQU

EQU
EQuU
EQU
EQU
EQU
eQu
tQu
EQU
EQU
EQUV
ECU
gQuU
EQU
EQU
EQu

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQuU

EQU

EQU
EQU

tQu
tqQU
ECU

P AN

219
1A
>13
>1C
210
1t

>1F
220
221
22
>23
224
>25
226
221
238
223
>2A
2238
>2C
220

>3t
>3F
240
241
>42
>43
244
>45
246
>47
>48
249
>4A

>1¢
>TF

3340
>200
5400

-

S N N S Nl e N N N Nl Nyl Ay S N N et g e

N

'

Wt Ny L

St

Begin TMS-320 Code

AORG

8

Begin

IN

SACH
SACL
OMaV

>0

800T

bsvCaAe I Y ¥4 s 09

PAGE 0002

> @ W

ORIGINAL PAGE IS
OE POOR QUALITY,

End of Ram for
Delay Storage

Beginning of Ram
Storage for Coeffs.

Halt of the filters
coefficients are
coded as zeros

End of Ram Storage

for Coefficients

} Input Buftfer to
) Delaye.

Output Buffers to 2nd
Demodulator Board

} Constants = 1,2
)
Decimation and Synce.
Flags
} External Ram Address Pointer

Storad Address Constants

Accumulator Storage
During an Interrupt

MPYK Constant
Definitions

Interrupt Routine

INPUT,O0

IACH
IACL
BPF1

} Store only the
} accumulator.

(huﬁﬁLH‘PAGEIS
OF POOR QUALITY



arr

0114
0115
0116
0117
0118
0119
0120
0121
6122
0123
0124
0125
0126
0127
0128
0129
0130
0131
0132
0133
0134
0135
0136
0137
0138
0139
0140
0141
0142
0l43
0144
0145
0146
0147
01438
0149
0150
0151
0152
0153
0154
0155
0156
0157
0153
0159
0160
0161
0162
0163
D164
0165
0166
0167
0168
0163
0170

0006
0007
0008
0009
0004
0o0o0e
doocC
ooocC
000E
000F
0010
0011
0012
0013
0014
0015
001¢
0017
o018
0019
0014
go1s
001C
go1iC
001E
001F
0020
0021
go22
0023
002«
0025
0026
0027
0028
0029
0024
0028
6oacC
0020
002¢E
002F
0030
0031
0032
0033
0034
0035

T1FB
6A10
€D2D
691C
é8le
6D2C
691A
6813
6D28
6918

6317
6024
6316.

6815
6029
6914
6813
6023
6312
6811
6027
6910
6BOF
6026
630¢
6800
6D25
690C
680s
6024
690A
6309
6023
6903
6307
6022
6306
6805
6021
690«
6803
6020
6902
6801
6J1F
6800
0F45
5383¢

LV FAMLLT MALKU HIJ3CPMDOLEN PACI'S

LK 2K BB 2R 3 3¢ 3

Segin 31-tap FIR BPF

JJeWiC

Only 15 multiplies are
needec because 146 of
the cocefficiants are
coded as Zarose.

ZAC
LY
MPY
DMOV
LTD
MPY
pDMOv
LTD
MPY
DMOYV
LTD
MPY
DMOV
LTD
MPY
DMOYv
LYD
MPY
pmayv
LTO
MPY
DMaV
LTD
MPY
DMOV
LTD
MPY
DMOY
LTD
MPY
cCHMav
LTD
MPY
pMoy
LTD
MPY
DMOV
LYD
MPY
DMOV
LTD
MPY
DMOV
LTD
MPY
LTD
ACD
SACH

129
TAP30
1238
1217
TAP2B
126
225
TAP26
124
123
TAPZ4
222
121
TAP22
220
219
TAP20
l18
17
TAP13
116
215
TAP16
114
113
TAP14
112
11
TAP12
Z10
19
TAP10
l8

i1
TAPS
l¢€

15
TAPG
14

3
TAP4
22

11
TAP2
INPUT
ONES1S
BPF1,0

bddewdie i

ORIGINAL PAGE Is
OF POOR QUALITY

Ads %/ 00

PAGE 0003

} Add for roundoff.



PAGE 0004

0171 * gnd of BPF Cooa
0172 *
0173 0036
017« 0036 6380 CONT LARP 0
0175 0037 F«00 BAN2 RETURN
0038 0043
6176 0039 7003 LARK 0,3
0177 003A 6945 OMOvV ONE } Set OUTFLG.
0178 *
0173 0038 6881 LARP 1
0180 003C F4G0 B8ANZ RETURN
0030 0043
0181 QO3E 710« LARK 1,4
0182 003F 693F DMOV BPF2
0183 0040 203E LAC 8PF1
0184 0041 5041 SACL PILODT]
0185 0042 6346 DMOV QUTFLG } Set SNCFLG.
018% %
0187 » Restore Accumulator for
0188 % Return frcm Interrupt
6189 3
0190 00«3 6537t RETURN ZALH IACH
0191 0044 617F ACDS IACL
0192 0045 TF82 EINT
0193 0046 7F803 RET
0194 *
0165 * Start of Non~-Interrupt Code for
0196 ) Modifying Delay Buffer Pointers
0197 * and Transmitting Cata to Main
01638 % Processing Board.
0193 %
0200 0047 2046 wAIT LAC OUTFLG } Test for time to send.
0201 0048 FFOO Bl WALIY
0045 0047
0202 0044 20438 LAC DLYADX
0203 004B 6742 TBLR DBPF1 )] A
0204 004C 703t TBLW 8PF1 } Read in delayed data
0205 0040 0045 ADD ONE } and read out present
0206 004E 6743 TBLR DBPF2 } filter output.
0207 00«4F 703F TBLW 5PF2 }
0208 0050 Q045 " ADD ONE
0209 0051 5048 SACL DLYADX
02190 *
0211 0052 7F89 ZAC
0212 0053 5046 SACL OQUTFLG } Clear flag.
0213 Q054 2047 : LAC SNCFLG ) Test for time to send
0214 0055 FFOOQ 82 NOSYNC } pilot.
005¢ 00SE
0215 *
0216 0057 «B4a1 our SNCFLG,3 )}
0217 0058 4F42 ouT DEPFL1,7 } Jutput pilot/data
0218 0059 4c4l guT PILCT1,6 } sync, data & pilot
0219 005A «D43 gurT DB8PF2,5 } streams.
0220 Q058 4(C40 ouT PILOT2,4 )
0221 005C F900 . B MODPTR
005C 0060

0222 %



Q223
0224
0225
0226
0227
0223

0223
0230
0231
0232

0233
0234
0235
0236
0237
0238
0239
0240
0241
0242
0243
0244
0245

02456
0247
02438
0249
0250
0251
Gas2
0253
0254
0255
0256
0257
0258
0259
0260
0261
0262
0263

0264
0265
0266
0267
0268
0269

0270
0271
0272
0273
0274

005¢
005F

0060
0061
0062
9063

0064
0065
0066
00657

0068
0069
0064
006t
005C
006C
006E
006F
0070
0071
0072
0073
0074
007s
0076
oot
0078
0079
0074

0678
007C
007D
007¢
007F
0060
0031
00482
0083

0034
0035

008¢

0087
0088

0400

“F42
4043

2048
1044A
FE00
0047

2049
5043
F900
0047

1F81
6800
4000
TFEB
T07F
6880
TF83
5083
F400
006F
7E01
5045
6A4S
8340
1F8¢c
5044
8209
1F8¢c
5049

8400
TFBE
700¢E
T11F

6381

67A0Q
0045
F400
007F

7003
7104«

1F82
F900
0047

PAGE 0005

NOSYAC OUT DBPF1,7 ) OQutput only data
gur DBPF2,5 } streans.
*
MOCPTIR LAC DLYADX } Wrap delay buffer
sSus FIFONC )} pointer if needed.
BN2 WAIT
°
LAC DLYBEG
SACL DLYADX
8 WAIT
*
% Reset Code for Initialization
% of Constants and Pointers
%
RESET DINT
LOPK 0
IN 0,0
SQvVM
LARK 0¢>7F
LARP 0
ZAC
CLRRAM SACL % } lero internal
3ANZ CLRRAM } ram.
LACK >1
SACL ONE )
LY ONE ) .
MP YK DLYSIZ )} .
PAC } Store constants,
SACL FIFOND ) o
MP YK BUFBEG ) -
PAC )
SACL DLYBEG )}
')
MPYK CCEFFS
PAC
LARK 0,14
LARK 1,>1F
LOAD LARP 1 } Load BPF
TBLR *+,0 } coefficients.
ADD ONE
BANZ LCAD
*
LARK 0,3 } Initialize
LARK 1ly4 } AR’s.
*»
EINT
B WAIT
*
* Filter Coefficients for 48kHz BPF
* Coced into 16 bits.
[ )

AQORG 2400

C e



0275
0276 04«00
0401
0402
0403
0404
0405
0406
0«07
0408
0409
040A
0408
040C
040C
040E
0278
0279
0280
0281
0282
0283
0284
0285
0286
0287
0283
0289
0290
0291
0292

02717

0700

0700
0701
0702
0703
0704
0705
0706
0707
0708
0709
070A
0708
070C
0700
070E
070F
0710
0299

0300

V0 ERRORS,

0293
0294
0295
0296
0297
02393

FFDE
FCF9
07CA
Fd344
FIF1
2216
BF&0
4©2B0
BF60
2216
FSF1
FB4«
07CA
FCF3
FFOC

701
5000
6A00
BIFF
1FBE
6704
7004
1000
FDOO
0705
8063
1F6¢
500A
7E01
700A
F300
0053

o % N N

goaQr

NOTOLN

*

NO WARNINGS

PAGE 0006

DATA ~349-77591994,-19809-1551,8822,-16544,19888

~16544,88229-15519-1980,1994,-775,-34

DATA

Boot Routine for Loading Progranm
Memory frcm EPROM to RAM

AQRG 2700
LACK >1
SACL >0

LY >0
MPYK >1FF
PAC

TBLR >4
TBLW >A
sus >0
BGEZ NOTCUN
MP YK RESET
PAC

SACL A
LACK 21
TBLW A

B RESET
END
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MO0ouUL

0001
0002
0003
0004
0005

0006
0007
goo038
0009
0010
0011
0012
0013
0014
0015
0016
0017
0018
0019
0020
0021
go22
0023
0024
0025
0025
0027
0023
0029
0030
0031
0032
0033
0034
0035
0036
0037
0033
0039
0040
0041
0042
0043
0044
0045
004596
0047
0048
0049
0050
0051
0052
0053
0054
0055
0056

0000

0000
0001

0010

0010
0011
0012
0013
0014
0015
0016
0017
oo1is
0019
001A
0018
001cC
0010
001E
Q01F
0020
0021
0022
0023

0024
0025
0026
0027
0028
0029
J02A
0028

320 FAMILY MACRO ASSEM3BLER 2.1 83.076 132403251 9726785

F300
020E

0024
0053
004C
000E
03013
Q0AD
0168
0106
FE61
FA21
FT1746
FAES
0768
1374
308F
3E24
FFFF
8000
0004
6200

1F80
1780
1F81
1F83
6£00
1£10
6700
7E11

PAGE 0001

I0T °MODUL"
*

AQRG >0
%

8 80407
*
* PROGRAM TO IMPLEMENT TCT TRANSMIT BASEBAND PROCESSING.
* THIS CONTAINS THE TWO PATHS NEEDED TO
* IMPLEMENT THE ENTIRE SYSTEM. DATA IS INPUT AS 0 OR 1,
%x IS THEN MANCHESTER ENCODED, RAISED COSINE PULSE SHAPED,
* AND FINALLY HIGH PASS FILTERED. WE ASSUME HERE THAT
* DATA IS BEING RECEIVED INTO TRANSMITTER AT 2.4 KB8PS.
% THE DATA IS SPLIT INTO O0DD AND EVEN STREAM, AND THEN
* MANCHESTER ENCDDED, SO THE RATE STAYS AT 2.4 KBPS.
* RAISED COSINE PULSE SHAPING IS DONE USING LAST EIGHT
* CODE B8ITS, WITH 4 SAMPLES BEING QUTPUT FOR EACH CQODE
%* BIT. THE JQUTPUT IS THEREFORE CLOCKING CUT AT 9.6 KPBS,
* AND A NEW INPUT IS TAKEN ONCE EVERY FOUR OQUTPUTS.
*
* INPUT COEFFICIENTS NEEDED FOR PULSE SHAPING, CLOCKX, ETC.
*

AQRG >10
*
C1 DATA 34 % PULSE SHAPING COEFFICIENT P(1)
c2 DATA 91 % P(2) ALL PULSE SHAPING COEFFICIEN
C3 DATA 76 % P(3) ARE SCALED B8Y 16384
Cé4 DATA 14 ¥ P(4)
Cs 0ATA 19 x P(5)
cé DATA 173 % P(6)
c7 DATA 363 ¥ PCT)
cs DATA 262 ¥ P(8)
c9 DATA -415 ¥ P(9)
Ci0 DATA -1503 ¥ PC10)
(P DATA -2186 * PC11)
Ci12 DATA -1303 *x PC12)
C13 DATA 1899 * PC13)
Clae DATA 7028 ¥ PC14)
C1i5 DATA 12431 * P(15)
€16 DATA 15908 * PC16)
ci7 DATA -1 % HOLDS -1 FOR MANCHESTER CODING
cis DATA >3000 % BIAS TERM FOR INTERFACE TO B8IPOLAR
Cis DATA 10 % AIB BOARD CLOCK PARAMETER
c20 DATA 512 * AIB BOARD CLOCK PARAMETER
*
* WRITE CONSTANTS TO DATA McCMORY
*
*
*
RESET NOP

NOP

DINT

SOVM

LDPK Q

LACK Cl * P(1)

T3LR 0

LACK c2 x PC2)

s



MODUL

0057
00ss8
0059
0060
0061
0062
0063
0064
0065
0066
0067
0068
0069
0070
0071
0072
0073
0074
0075
0076
0077
0078
0079
0080
0081
0082
0083
0084
0085
0086
0087
0083
00835
0090
0091
0092

0093
0094
0095
0096
0097
0098
0099

0100
0101
0102
0103
0104
0105
0106
0107
0108

0109
0110
0111

go2c
002D
002E
002F
0030
0031
0032
0033
Q03¢
0035
0036
0037
0038
0039
0034
00338
003C
0030
003E
003F
0040
0041
0042
0043
0044
0045
0046
0047
0048
0049
004A
0048
004cC
0040
Q004E
004F

0050
0051

0052
0053
0054
0055
0056

0057
0058
0059
0054

320 FAMILY MACRO ASSEMBLER 2.1 83.076 13240251 97267385

6701
7E12
6702
7€13
6703
1cle
6704
7El5
6705
TEl6
6706
TE17
6707
7€18
6708
TE19
6709
TE1A
870A
TE1B
6703
7£1C
670C
TE10
6700
TE1E
670c
TELF
670F
6€01
7€20
6705
7E21
6705
TE22
6703
TE23
6709

1200
5003
5004
F900
0057

6c01
2003
FFOO
0062

X 4 % 3 N N

%
%
*

TBLR
LACK
TBLR
LACK
TBLR
LACK
T3LR
LACK
TBLR
LACK
TaLR
LACK
TBLR
LACK
T8LR
LACK
T8LR
LACK
T3LR
LACK
TBLR
LACK
TBLR
LACK
T3LR
LACK
TBLR
LACK
T3LR
LOPK
LACK
TSLR
LACK
TBLR
LACK
TBLR
LACK
TBLR

LACK
SACL
SACL

MAIN COODE LOOQP
MANCHESTER CODING SECTION

CO0E 00D BIT.

- LOPK
LAC
BZ

PAGE 0002
1
€3 ¥ P(3)
2
Cé * P(4)
3
cs * P(S)
4
Cé ¥ P(6)
5
c7 * PCT)
é
cs * P(8)
7
c9 % P(9)
8
Cl0 *x PC10)
9
11 ¥ PC11)
10
cl12 * PC12)
11
€13 * PC13)
12
Cls ¥ P(14)
13
C15 * PC15)
14
Clé * P(16)
15
1
c17 ¥ -1
5
c1s8 ¥ BIAS
6
Cl1l9 % CLOCK CONSTANT
8
c20 % CLOCK CONSTANT
9
0
3
4
AN
1
3 *LOAD ODD DATA BIT INTO ACCUMULATAOR

LERO ¥*BRANCH T3 ZERO SECTION IF IEROD

HEREy A 1 BECOMES -1,1

@2




MODUL

0112
0113
0114
0115
0116
0117
0118
0119

0120
0121
0122
0123
0124
0125
0126
0127
0128
0129
0130
0131
0132
0133
0134
0135

0136
0137
0138
0139
0140
0141
0142
0143
0144
0145
01456

0147
0143
0149
0150
0151
0152
0153
0154
0155
0156
0157
0158
0159
0160
0161
0162
0163
0164
0165

0058
005C
0050

005€E
005F

0060
0061

0062
0063
0064
0065
0066

0067

0068
0069
006A

0068
006C
005D
006E

006F

0070
0071

0072
0073
0074
0075
0076

0077

0078
0079

320 FAMILY MACRO ASSEMBLER

2005
6E00
5070

TEOL
6E01L

F900
0067

7201
600
5070
6E01
2005

5000

2004
FFO0O
0072

2005
6E00
50178
6E01

TE01

F300
0077

101
6E00
5073
6c01
2005

5001

701
5007

S
0
112

1
1

DONE

9726785
PAGE 0003

2.1 83.076 13340251

*LOAD ACCUM, WITH -1

*STORE FIRST MANCHESTER BIT,0MB(N) I
HERE, IT WILL BE READY FOR PULSE SH

%¥L0OAD ACCUM. WITH 1, SECOND MANCHEST

S8ECOMES 1,-1

NOW CODE EVEN BIT

4
IEROL

*L0OAD ACCUM. WITH 1

*STORE OMB(N) IN 112, WHERE IT WILL
¥B8E USED IMMEDIATELY FOR PULSE SHAPI
%¥L0OAD ACCUM. WITH -1, SECOND MANCHES

%*STORE SECOND MAN. BIT, OMB(N+1) IN
THIS WILL BE USED IN NEXT PULSE SHA

%L0AD DATA BIT INTO ACCUMULATOR
*BRANCH TO ZERO SECTION IF ZERO

¥ HERE,A 1 BECOMES -1,1

LAC
LDOPK
SACL
¥
LACK
LDPK
*
8
*
¥ HERE, A O
*
ZERQD LACK
LOPK
SACL
LOPK
LAC
*
DONE SACL
%
*
%*
*
LAC
BZ
*
x
LAC
LDPK
SACL
LOPK
%
LACK
*
8
%
% HERE,
%
LERQ1 LACK
LOPK
SACL
LDPK
LAC
*
DONE1 SACL
*
*
LACK
SACL

DONE1

N =t O b
[N]
o

1
7

¥LOAD ACCUM. WITH -1

*STORE FIRST MANCHESTER BIT,EMB(N) I
*WHERE IT WILL 3E USED IMMEDIATELY F
¥PULSE SHAPING.

*L0OAD ACCUM. WITH 1, SECOND MANCHEST

DATA BIT O BECOMES 1,-1

*L0OAD ACCUM. WITH 1
*STORE cMB(N) IN 120 FOR PULSE SHAPI
SECOND MANCHES

*L0AD ACCUM. WITH -1,

¥STORE SECOND MAN. BIT, EMB(N+1) IN
THIS WILL BE STORED FOR ONE CYCLE.

¥INITIALIZE MAN. BIT COUNTER (MCOUNT
*COUNTER STORE IN 135.

THE LAST EIGHT 0DD

*
* FIND FIRST OF FOUR ODD OUTPUTS CORRESPONDING TO ONE MANCHE
¥

PULSE SHAPING IS DONE CHRONOLOGICALLY.
ARE STORED IN DMA®S 112-119,

* OMB(N-T) TC OMB(N),
* THE MOST RECENT.

WITH 112



MODUL

0166
0167
01638
0169
0170
0171
0172
0173
0174
0175
0176
0177
0173
0179
0180
g181
0182
0183
0184
0185
0186
0187
0188
0189
0190
0191
0192
0193
0194
0195
0196
0197
0193
0193
0200
0201
0202
0203
0204

0205
0206
0207
0208
0209
0210
0211
0212
0213
0214
0215
0216
0217
0218
6219
0220
0221

0074

go7s
Q07C
007D

00TE
007F

0080
0081

00382
0083

0084
0085

0086
0087

eoss
0089

008A
0088
008C

eoso
003E

008F

0090

0091
0092

0093
0094
0095

0096
0037
009338
0099

003A
0098

320 FAMILY MACRO ASSEM3LER

6E00

7F89
6AT7
6003

6CT6
6007

6CT5
6008

6CT4
600F

6C73
6D0C

6C72
6003

6C71
6004

6C1T0
6000
1F8F

5013
7007

713C

6381

F300
0195

690C
6903
630A

6E00
7F89
SATF
6003

6CTct
6007

%

*

MAIN1 LDPK

x
ZAC
LT
MPY

*

LTA
MPY

*

LTA
MPY

&

LTA
MPY

L 3
LTA
MPY

%

LTA
MPY

*

LTA
MPY

%*

LTA
MPY
APAC

%

SACL
LARK

%*

LARK

*

*

LARP

*

8

%

x

*

* 120-127,

*

SEVEN oMav
OMQOV
oMoV

* NOP
LOPK
ZAC
LT
MPY

*

LTA
MPY
*

0

119

118

7 .

117
11

116
15

115
12
114

113

112

FILTER

PREVIQUS 00D 8IT.

dITH 120
12
11
10
0

127

126

13240251 9726785
PAGE 0004

2.1 83.076

¥ OMBC(N-T)%P(4)

OMB(N-6)%P(8)

+#
+

¥ + OMB(N-5)%P(12)
¥ + OMB(N-4)%P(16)
*‘+ OMB(N-3)%P(13)
¥ + OMB(N-2)%P(9)
¥ + OMB(N-1)%P(5)
* +« DMB(NI%P(1)

# STOCRE RESULT, ORC(M), IN DMA 16

* STORE FLAG IN AUXO», TO KEEP TRACK
OUTPUT WE°RE ON.

* INITIALIZE POINTER AUX1 TO OLDEST
IN 0ODD FILTER BUFFER FOR HI PASS F
WHICH IS THE NEXT STEP.

% AUX1 POINTER PUT IN USE NOW.

% BRANCH TO HIGH PASS FILTER SECTION

NOW DO FIRST EVEN BIT. SAME PULSE SHAPING AS DONE FOR

MANCHESTER BIT BUFFER IS IN DMA”S
HOLDING MOST RECENT BIT.

*MOVE ODD OUTPUTS THROUGH DELAY BUFF
* THIS BUFFER DELAYS ODO QUTPUT BY
* TWO CLOCK CYCLES.

¥ EMB(N-T)%P(4)

¥ + EMBIN-6)%P(8)
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PAGE 0005
0222 009C 6C70 LTA 125
0223 0090 6008 MPY 11 ¥ + EMB(N-5)%P(12)
0224 L%
0225 009E 6C7C LTA 124
0226 0Q9F 6DOF MPY 15 ¥ + EMB(N-4)%P(16)
0227 *
0228 00QAQ0 6C73 LTA 123
0223 00AY 600C MPY 12 ¥ ¢+ EMB(N-3)%P(13)
0230 *
0231 00A2 6C7A LTA 122
0232 00A3 6008 MPY 8 ¥ + EMB(N-2)%P(9)
0233 *
0234 00A4 6C73 LTA 121
0235 00AS5 6D04 MPY 4 ¥ ¢ EMB(N-1)%P(5)
0236 ¥
0237 00A6 6C78 LTA 120
0238 00A7 6000 MPY 0 * + EMB(NI%P(1)
02339 00A8 TF8F APAC
0240 %*
0241 00A9 5030 SACL 61 *STORE RESULT, ERCCN) IN 61
0242 OGO0AA 70056 LARK 046 %¥SET FLAG AUXO TO MARK OQUTPUT WE®RE
0243 00AB 7169 LARK 1,105 ¥SET POINTER TO LAST ENTRY IN FILTER
0244 00AC 63881 LARP 1 ¥CHOOSE PQOINTER.
0245 *
0246 00AD F900 B FILTER #%BRANCH TO HI PASS FILTER SECTION.
Q0AE 0195
0247 *
0248 3 SECOND QUTPUT OF FOUR. (0ODD)
0249 *
0250 O0AF F600 SIX BIOZ Looer2 * WAIT UNTIL READY FOR QUTPUT
0080 0083
0251 0031 F900 B SIX
0082 00AF
0252 ¥
0253 0083 4AQ0D0 LOQOP2 QuT 13,2 *JUTPUT DELAYED ODD SAMPLE TO PORT 2
0254 00B4 480A auT 10,3 ¥0UTPUT EVEN SAMPLE TO PORT 3,
0255 *
0256 0035 6£0Q0 LOPK 0
0257 0086 7F89 ZAC
0258 0087 6A77 LT 119
0253 0038 6002 MPY 2 % OMB(N-T7)%P(3)
0260 *
0261 00389 6C76 LTA 118
0262 003A 6006 MPY 6 ¥ + DMB(N-6)%P(T)
0263 ¥
0264 008B 6C75 LTA 117
0265 00BC 600A MPY 10 ¥ + OMEBUIN-S)%P(11)
0266 *
0267 Q0BD 6C74 LTA 116
0268 Q0B8E 400c¢ MPY 14 * + OMB(N-4)*P(15)
0269 %
0270 QQ8F 6C73 LTA 115
0271 00CO0 6D0D MPY 13 % + OMB(N=-3)%P(1l4)
0272 ¥*
Q273 00C1 6C72 LTA 114
0274 00C2 6009 MPY 9 ¥ + OMB(N=-2)%P(10)

0275 *



MODUL

0276
0277
0278
6279
0280
0281
0282
0283
0284
0285
0286
0287
0283

0289
0290
0291
0292
0293
0294
0295
02956
0297
0298
0299
0300
0301
0302
0303
0304
0305
0306
0307
0308
0309
0310
0311
0312
0313
0314
0315
0316
0317
0318
0319
0320
0321
0322
0323
0324
0325
0326
0327

0328
0329
0330

00cC3
00C4

00C5
00Cs
00C7

ooCs
00C9
goca
oocs

00ccC
€oCpD

00CE
00CF
0000
0001
00D2
0003
0004

0005
0006

0007
0008

0009
00DA

0008
0o00cC

0000
00DE

000DF
00EO

00e1
00€E2
00€E3

00E+
Q0ES
00Eé6
00ET

00ES8
00&9

320 FAMILY MACRC ASSEM3BLER

6C7T1
6005

6CT0
6001
TF8F

5010
7005
713C
6881

F900
0195

690C
6308
630A
6€00
1F89
6ATF
6002

6CTE
6006

6C70
600A

6C7C
600E

6C78
600D

6CTA
6009

6C79
6005

6C73
6001
1F8F

5030
700+
7169
6881

F300
0195

IVEe

3t %

LTA 113
MPY 5
LTA 112
MPY 1
APAC
SACL 16
LARK 0,5
LARK 1,60
LARP 1
8 FILTER
%
* SECOND OUTPUT - EVEN
3
F DMOV 12
DMOV 11
oMOV 10
LOPK 0
ZaC
LY 127
MPY 2
LTA 126
MPY 6
LTA 125
MPY 10
LTA 124
MPY lé
LTA 123
MPY 13
LTA 122
MPY
LTA 121
MPY 5
LTA 120
MPY 1
APAC
SACL 61
LARK 0,4
LARK 1,105
LARP 1
B FILTER

2.1 83.076 13:40:51 9726785
PAGE 0006

% + OMB(IN-1)%P(5)

¥ + OMB(NI%P(2)

¥ STORE RESULT ORC(M) IN OMA 16
¥SET FLAG TO MARK OUTPUT.

*SET POINTER TO LAST SPOT IN FILTER
¥*CHJOSE POINTER.

* BRANCH TO HIGH PASS FILTER.

BIT
*SHIFT 000 OUTPUTS THRU DELAY BUFFER

¥ EMB(N-7)%P(3)

EMB(N=-6)%P(T)

*
+

¥ + EMB(&°5)*P(11)
* + EMBIN-4)%P(15)
* ¢ EMB(N-3)%P(14)
¥ + EMB(N-2)%P(10)
* ¢ EMB(N-1J)%P(5)

* ¢+ EMBC(NI%P(2)

*STORE EVEN PULSE SAMPLE IN DMA 61
#SET FLAG SO WE KNOW WHERE WE ARE IN
*SET POINTER TO LAST VALUES IN FILTE

*SELECYT POINTER.

%8RANCH TO HI PASS FILTER.

THIRD OQUTPUT OF FOUR ODD OUTPUTS



MODUL

0331
0332

0333

0334
0335
0336
0337
0338
0339
0340
0341
0342
0343
0344
0345
0346
0347
0348
0349
0350
0351
0352
0353
0354
0355
0356
0357
0353
0359
0360
0361
0362
0363
0364
0365
0366
0367
0363
0369
0370

0371
0372
0373
0374
0375
0375
0377
0378
0379
0380
0381
0382
0383
0384

00cA
00ESB
00EC
00ED

O00EE
00EF

00F0
00F1
00F2
00F3

00F4
Q0FS5

00F6
00F7

00F8
00F9

00FA
00FB

00FC
00FD

00FE
00FF

0100
0101
0102

0103
0104
0105
0106

0107
0108

0109
010A
o108
010C
0100
010¢
010F

0110
0111

320

F&600
00EEe
F300
00EA

4A0D
430A

6E00
7F89
6AT7
6001

6C76
6005

6C75
6009

6CTa
600D

6CT3
6D0E

6C72
600A

6CT1
6006

6C70
6002
TF8F

5010
7003
713C
6881

F300
0195

690C
6908
6904
6E00
1F89
6ATF
6001

6CTE
6005

FAMILY MACRO ASSEMBLcR

%
FQUR

¥
LOQP3

*

HIRD

BIOZ

8

ouT

gurt

LDPK
IAC
LT
MPY

LTA
MPY

LTA
MPY

LTA
MPY

LTA
MPY

LTA
MPY

LTA
MPY

LTA
MPY
APAC

SACL
L ARK
LARK
LARP

8

THIRD QUTPUT

pMOVv
OMOV
OMOV
LDPK
LAC
LT
MPY

LTA
MPY

LageP3

FOUR

13,2

10,3

0

119
1

118
5

117
9

116
13

115
14

114
10

113
6

112
2

156
0,3
1560
1

FILTER

SuT OFf

12
11
10
0

127
1

126
5

2.1 33.076 13240251 9/726/85
PAGE 0007

* WAIT UNTIL READY FOR OUTPUT

*¥OQUTPUT DELAYED ODD SAMPLE TO PORT 2

®*0UTPUT EVEN SAMPLE TO PORT 3.

* OMB(N-T)%P(2)

x + OMB(N-6)%P(6)

* + OMBIN-5)%P(10)

¥ + OMB(N-4)%P(14)

* + OMBUIN=3)%P(15)

* ¢+ OMB(N-2)%P(11)

¥ + OMB(N-=1D0%P(T)

¥ + OMB(NI*P(3)

% STORE RESULT ORC(M) IN DMA 156
¥*SET FLAG TO MARK WHERE WE ARE IN PU

*SET POINTER TO LAST VALUE IN FILTER
*SELECT POINTER.

* BRANCH TO HIGH PASS FILTER

FOQUR EVEN QUTPUTS

*SHIFT 0DD QUTPUTS THRU DELAY BUFFER

% EMB(N-7)%P(2)

* + EMB(N-6)%P(6)
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0385 0112 6C70 LTA 125
0386 0113 6009 MPY 9 * + EMB(N-5)%P(10)
0387 ¥
0388 0114 6C7C LTA 124
0389 0115 600D MPY 13 ¥ + EMB(N=-4I)%P(14)
0390 *
0391 0116 6C73 LTA 123
0392 0117 6DOE MPY 14 ¥ + EMB(N-3)%P(15)
0393 %
0394 0118 6C7A LTA 122
0395 0119 6004 MPY 10 ¥ + EMB(N=-2)%P(11)
0396 ¥
0397 011A 6C73 LTA 121
0398 0118 6006 MPY 6 ¥ + EMBUIN-1)%P(7)
0399 *
0400 011C 6C73 LTA 120
0401 0110 6002 MPY 2 ¥ ¢+ EMBI(NI%P(3)
0402 O011E 7F8F APAC
0403 %
0404 011F 5030 SACL 61 %¥STORE EVEN PULSE SAMPLE IN 61
0405 0120 7002 LARK 0,2 #SET FLAG TO MARK WHERE WE ARE IN PU
0406 0121 7169 LARK 1,105 *SET POINTER TO LAST VALUE IN FILTER
0407 0122 6881 LARP 1 *SELECT POINTZR.
0408 *
0403 0123 F300 8 FILTER *BRANCH TO HI PASS FILTER SECTION.
0124 0195
0410 %
0411l %
0412 ¥ FOURTH 00D JUTPUT OF FOUR.
0413 %
0414 0125 F600 TwO BICZ LOOP4 *WAIT UNTIL READY FOR OUTPUT
0126 0129
0415 0127 F300 8 Twl
0128 0125
0416 %
0417 0129 4A0D LOOP4 ouT 13,2 *QUTPUT DELAYED ODD SAMPLE TO PORT 2
0418 012A 4804 ourT 10,3 *QUTPUT EVEN SAMPLE TO PORT 3.
0419 *
0«20 0128 6200 LOPK 0
0421 012C 7F89 ZAC
0422 012D 6AT77 LT 119
0423 012€ 6000 MPY 0 ¥ OM3(N-TI)%P(1)
0424 %
0425 012F 6C7s LTA 118
0426 0130 6004 MPY 4 ¥ + OMB(N-6)%P(5)
0427 %
0428 0131 6C75 LTA 117
0429 0132 6008 MPY 8 * + OMB(N-5)%P(9)
0430 %
0431 0133 6CT74 LTA 116
0432 0134 600C MPY 12 ¥ + OMB(N-4J)*P(13)
0433 %
0434 0135 6C73 LTA 115
0435 0136 6DOF MPY 15 ¥ + OMB(N-3)%P(16)
0438 X
0437 0137 6C72 LTA 114

0438 0138 6003 MPY 11 ¥ + OMB(N-2)%P(12)



MOOUL 320 FAMILY MACRD ASSEMBLER 2.1 83.076 13240351 9/26/85

PAGE 0009

0439 %
0440 0139 6C71 LTA 113
0441 013A 6007 MPY 1 ¥ + OMB{(N-1)*P(3)
0442 *
0443 0138 6C70 LTA 112
0444 013C 6003 MPY 3 ¥ + OMB(N)%P(4)
0445 0130 7F8F APAC
0446 *
0447 013E 5010 SACL 156 % STORE RESULT ORC(M) IN DMA 16
0448 013F 7001 LARK 0,1 *SET FLAG TO MARK WHERE WE ARE IN PU
0443 0140 713C LARK 1,60 #SET POINTER TQ LAST VALUE IN FILTER
0450 0141 6881 LARP 1 ¥SELECT POINTER.
0451 ' *
0452 0142 F300 8 FILTER % BRANCH TO HIGH PASS FILTER.

0143 0195
0453 *
0454 ¥ FOURTH EVEN OUTPUT OUT OF FOUR.
0455 *
0456 0l44 630C ONE OMOV 12 ¥SHIFT 00D OUTPUTS THRU DELAY BUFFER
0457 0145 69308 DMov 11
0458 0146 630A DMOV 10
0453 0147 6E0QC LOPK 0
0460 0148 TF89I ZAC
0461 0149 6A7F LT 127
0462 014A 6000 MPY 0 * EMBUN-TI%P(1)
0463 %
0464 0148 6C7E LTA 126
0465 014C 6004 MPY 4 ¥ + EMB(N-6)%P(5)
0466 *
0467 014D 6CT70 LTA 125
0468 014E 6008 MPY 8 ¥ ¢« EMB(N=-5)%P(9)
0469 %
0470 014F 6CTLC LTA 124
0471 0150 600C MPY 12 % + EMB(N-4)%P(13)
0472 ¥
0473 0151 6C78 LTA 123
0474 0152 600F MPY 15 * + EMB(N-3)%P(6)
0475 *
0476 0153 6C74A LTA 122
0477 0154 6003 MPY 11 * + EMB(N-2)%P(12)
0473 %
0479 0155 6C79 LTA 121
0480 0156 6007 MPY 7 ¥ + EMBC(N-1)%P(8)
0481 *
0482 0157 6C78 LTA 120
0483 0158 6003 MPY 3 ¥ + EMB(N)%P(4)
0484 0159 7F8F APAC
0485 %
0486 015A 5030 SACL 61 *STORE EVEN SAMPLE ERC(N) IN OMA 61
0487 0158 7000 LARK 0,0 *SET FLAG TO MARK WHERE WE ARE IN PU
0488 015C 7163 LARK 1,105 %SET POINTER TO LAST VALUE IN FILTER
0483 0150 6881 LARP 1 *SELECY POINTER.
0450 *
0491 015t F900 ] FILTER *BRANCH TO HI PASS FILTER.

015F 0195
0492 %

0493 *
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0494 ¥ NOWy MOVE INPUT BUFFER TO PREPARE FOR NEXT INCOMING MAN. B
0495 *
0496 0160 6EQ00 PREP LDPK 0
0497 0161 6376 OMOV 118 * MOVE FIRST SEVEN VALUES OF MANCHES
0493 0162 6975 DMOV 117 ¥ BIT BUFFERS UP ONE MEMORY LOCATION
0499 0163 6974 DMOV 116 % MAKE ROOM FOR MOST RECENT CODE BIT
0500 0164 6973 DMOV 115 % FOR NEXT PULSE SHAPING SEQUENCE.
0501 0165 6972 Omov 114
0502 0166 6971 OMOVv 113
0503 0167 6970 DMOV 112
0504 0168 69397E oMoV 126
0505 0169 637D DMOQV 125
0506 016A 697C DMOV 124
0507 0168 6978 DMOV 123
0508 016C 6974 oMoV 122
0509 014D 6979 DMOV 121
0510 016E 6978 DMOV 120
0511 %
0512 %
0513 * WE ARE READY FOR NEXT ITERATION OJF FOUR OUTPUTS CORRESPON
0514 * TO NEXT MANCHESTER BIT. CHECK COUNTER TO SEE IF WE NZED N
0515 * DATA 81T,
0516 ¥
0517 016F 6E01 LOPK 1
0518 0170 2007 LAC 7 ¥CHECK MCOUNT. AOD -1 TO COUNTER.
0519 0171 0005 ADD 5 % STORE RESULT AS MCOUNT
0520 0172 5007 SACL 7
0521 *
0522 ¥ IF WE HAVEZ LOOPED ONCE, WE NEED TO LOAD SECOND MAN. BIT.
0523 * IF WE HAVE LOOPED TWICE, WE NEED TO INPUT A NEW DATA BIT.
0524 *
0525 0173 FFO0O BZ LJAD *IF MCOUNT IS NOw ZERO, WE HAVE MOST
0174 0181
0526 x RECENT MAN. BITS ALREADY,
0527 %* SO SKIP FOLLOWING INPUT SEQUENCE
0528 ¥
0529 0175 F600 WAITS BIGZ LocpS * WAIT FOR CLOCK
0176 0173
0530 0177 F300 B8 WAITS
0178 0175
0531 %
0532 0179 4AQD LOOPS cuT 13,2 ¥ OUTPUT DELAYED 0ODD SAMPLE TO PORT 2
0533 017A 4380A gurt 10,3 * QUTPUT EVEN SAMPLE TO PORT 3.
0534 X
0535 0178 4104 IN 4y1 * INPUT NEXT EVEN DATA BIT FROM PORT
0536 017C 7E01 LACK 1
0537 0170 7904 AND 4 % AND WITH +1 TO OBTAIN O OR 1 FOR D
0538 Q17E 500+« SACL 4 * STORE DATA BIT IN DMA 132,
0539 *
0540 017F F900 B MAN ¥ BRANCH TO MANCHESTER CODING SECTID
0180 0057
0541 ¥
0542 * IF ZERO, THEN LOAD NEXT MANCHESTER BITS INTO BUFFER,
0543 * INPUT NEXT 00D CATA BIT,
0544 % AND LOGP EBACK TO B3EGIN PULSE SHAPING AGAIN.
0545 x
0546 0181 2000 LOAD LAC 0 ¥ MOVE OMB(N+1) TO DMA 112
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0547 Q182 6EQQ LOPK 0 & WHERE IT WILL BE READY FOR
0548 0183 5070 SACL 112 ¥ NEXT PASS THRU PULSE SHAPING.
0549 01384 6£01 LDPK 1
0550 0135 2001 LAC 1 * MOVE EMB(N+1) TO DMA 120
0551 0186 6E£00 LDPK 0 % WHERE IT WILL BE READY FOR
0552 0187 s018 SACL 120 ¥ NEXT PASS THRU PULSE SHAPING.
0553 0188 6£01 LDPK 1
0554 *
0555 0189 F600 WAITS BIDZ LODPS * WAIT FOR CLOCK
018A 018D
0556 0188 F3S00 8 WAITSE
018C 0183
0557 %
0558 0180 «AQD LOOPS oQuT 13,2 % QUTPUT DELAYED 0OOD SAMPLE TO PORTY 2
0559 01B8E 430A ourT 10,3 ¥ QUTPUT EVEN SAMPLE TO PORT 3
0560 *
0561 018F 4103 IN 3,1 ¥INPUT FROM PORT 1.
0562 0190 7E01 LACK 1
0563 0191 7303 AND 3 *AND WITH 1 TO PRODUCE A 1 OR A O
0564 0192 5003 SACL 3 *STORE RESULTING DATA BIT IN DMA 131
0565 %*
0566 0193 F300 8 MAIN1 ¥ BRANCH TO BZGINNING OF PULSE SHAPI
0194 007A
0567 *
0568 % THIS SECTION CONTAINS CODE FOR HI PASS FILTER.
0569 * PREVIOUS 45 FUNCTION VALUES, RC(M) - RC(M-45) IN
0570 * MEMORY LOCATIONS 16-60 FOR THE 0ODD STREAM AND IN 61~
0571 ¥* FOR THE EVEN STREAM. THE OLDEST VALUE IS POINTED TO
0572 ¥ THIS POINT B8Y AUX1. THE COEFFICIENTS ARE
0573 %* SD CONSTANTS, SCALED B8Y 4096.
0574 ¥
0575 ¥ NOW START FIR FILTER -
0576 %
0577 0195 7F89 FILTER ZAC
0578 0196 6A98 LY *-
0579 0197 9F8D MPYK -115 ¥ RC(M=44)%-115
0580 ¥
0581 0198 6898 LTD *-
0582 0199 9F0¢ MPYK -34 ¥ ¢+ RC(M~43)%-3¢
0583 *
0584 019A 6898 LTD *-
0585 0198 9FD9 MPYK -39 ¥ ¢+ RC(M-42)%-39
0586 *
0587 0139C 6898 LTD ¥~
0588 0190 9FD5 MPYK ~43 * + RC(M-41)%-43
0589 %
0590 Q19E 6898 LTD ]
0591 019F 9F00 MPYK ~-48 * + RC(M=-40)%-43
0592 %*
0593 01A0 6398 LTD *x-
0594 01Al1 9FC8 MPYK -53 ¥ ¢+ RC(M-39)%~-53
0595 *
0596 01A2 6898 LTD *-
0597 01A3 9FCH MPYK -58 * + RC(M-38)%-538
0598 %x
0599 01A4 6398 LTD *-

0600 01A5 9FC1 MPYK -53 ¥ + RC(M-37)%-63



MOCUL

Q601
0502
0603
0604
0605
0605
0607
0608
06093
0610
0611
0612
0613
0614
0615
0616
0617
0618
0619
0620
0621
0622
0623
0624
0625
0626
0627
0628
0629
0630
0631
0632
0633
0634
0635
0636
0637
0638
0639
0640
0641
0642
0643
0644
0645
0646
0647
0648
0649
0650
0651
0652
0653
0654
0655
0656
0657

0146
01A7

01A8
0149

01AA
0148

01AC
014D

01AE
01AF

0130
g131

o182
0183

0134
0185

0186
0187

0188
0189

01B8A
o188

018C
0180

01BE
018F

o1Co
01C1

01cCe2
01C3

01Cs
01Cs

01Cs
01C7

01Cs8
01Cs

01CA
01Ccs8

320 FAMILY MACRO ASSEM3LER

*

6898 LTD %=

9FBC MPYK -68
*

6398 LTD *-

9FBT MPYK -73
*

6898 LTD *-

9FB2 MPYK -78
&

6393 LTD *-

9FAD MPYK -83
*

6898 LTD *-

9FA9 MPYK -87
*

6398 LD *-

IFAG MPYK -92
*

6898 LTD *-

9FAl MPYK -95
*

6898 LTO *-

9F90 MPYK -99
x*

6898 LTO *-

9F9A NPYK -102
*

6398 LTD *-

9F93 MPYK -104
*

6398 LTD -

9F95 MPYK -107
™

6898 LTD *-

9F93 MPYK -109
%x

6398 LTD -

9F92 MPYK -110
*

6898 LTO *-

9F91 MPYK -111
*

6398 LTD *-

8F91 MPYK 3985
*x

6398 LTD *-

9F91 MPYK -111
*

6898 LTD -

9F92 MPYK -110
*

6898 LT *-

9F93 MPYK -109
%

6898 LTD *-

9F95 MPYK -107

2.1 83.076

RC(M-36)%~-68

RC(M=35)%-73

RC(M=34)%~-78

RC(M-33)%-83

RC(M-32)%-87

RC(M=31)%-92

RC(M=30)2%-95

RC(M=-29)%~-99

RC(M-28)%~-102

RC(M-2T)%-104

RC(M-26)%-107

RC(M-25)%-109

RC(M=-24)%-110

RC(M-23)%-111

RC(M-22)%3985

RC(M=-21)%-111

RC(M-20)%-110

RC(M-19)%~109

RC(M-18)%-107

13340251

9/26/85
PAGE 0012
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0658
0659

- 0660

0661
0662
0663
0664
0665
0666
0667

0668
0669

0670
0671
0672
0673
0674
0675
0676
0677
0678
0679
0680
0681
0682
0683
0684
0685
0686
0687
0688
0689
0690
0691
0692
0693
0694
0695
0696
0697
0698
0699
0700
0701
0702
0703
0704
0705
0706
0707
0708
0709
0710
0711
0712
0713
0714

01cCcC
01CO

01CE
01CF

0100
0101

01D2
0103

0104
0105

0106
0107

0108
0109

01DA
0108

010C
010D

010€E
010F

01EQ
01kl

01E2
01E3

01lE4
01E5

01ES
017

D1E8
01€9

01cA
0l1€EB

01€EC
01ED

O1EE
01cF
01F0Q

01F1

320 FAMILY MACRD ASSEMBLZR

63938
9F938

6893
9F94A

6898
9F390

6893
9FAl

6393
IFA4

6893
9FA9

6898
9FAD

6898
IFB2

6898
9FB7

6398
9FBC

68938
9FC1

6898
SFCeo

6898
9FC3

6898
SFDO

6898
9FDS5

6898
9FD9

6898
9FDE

6398
9F8D
1F8F

6EO01L

LTD
MPYK

LTO
MPYK

LT0
MPYK

LYD
MPYK

LTD
MPYK

LTD
MPYK

LTD
MPYX

LTOD
MPYK

LTD
MPYK

LTD
MPYX

LTD
MPYK

LTO
MPYK

LTD
MPYK

LTD
MPYK

LTD
MPYK

LTD
MPYK

LTD
MPYK

LTD
MPYK
APAC

LOPK

-115

2.1 83.076 13340251

¥ ¢ RC(M-1T7)%-104

* + RC(M-16)%~-102

% + RC(M-15)%-99

¥ + RC(M=14)%-95

¥ + RC(M-13)%-92

* + RC(M=-12)%-87

¥ ¢+ RC(M-11)%-83

¥ ¢+ RC(M=-10)%-78

¥ ¢« RC(M-9)%-73

¥ ¢+ RC(M-8)%-68

¥ + RC(M=T)%-63

¥ + RC(M-6)%-58

* ¢+ RC(M=-5)%-53

¥ + RC(M=4)%-48

¥ + RC(M-3)%~-43

¥ + RC(M=2)%-39

* + RC(M-1)%~34

* + RC(MI%-115

9726785
PAGE 0013
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0715

0716

0717
0718
0719
0720
0721

0722

0723
0724
0725
0726
0727
0728
0729
0730

0731
0732
0733
0734
0735
0736

0737
0738
0739
0740
0741
0742

0743
0T44
0745
0746
047
07438

0749
0750
0751
0752
0753
0754

0755
0756
0757
0758
0759
0760

0761
0762
0763
0764
0765

0lF2
01F3
01F4

01F5

01Fé
01F7

01Fs
01F9

01FA

01F8
J1FC

01FD

01FE
01FF

0200

0201
0202

0203

0204
0205

0206

0207
0208

0209

320 FAMILY MACRO ASSEMBLER

5C0A
2004
0005

5004

300¢c
200¢

FFOO
0160

0005

FFQO
0144

0005

FFOO
0125

0005

FFOO
0103

0005

FFOO
COEA

0005

FF0O
00CE

0005

* 4 4 * 3t 4t #* 3 #* 3¢ »

* 4

IF

I

IF

IF

IF

IF

IF

SACH

LAC

ADD
AND

SACL

10,4

190

6
15

10

2.1 83.076 13:40:51 9726785
PAGE 0014

*STORE FILTER OUTPUT IN 138

SHIFTED 4 SPOTS TO TAKE INTO ACCOUNT
MULT. OF 13 BIT NJ. BY 16 BIT NO.

* ADD BIAS TERM TO READY FOR OUTPUT

¥ STORE FILTER OUT + BIAS IN 138

CHECK QCOUNT TO SEE WHICH OQUTPUT WE SHOULD BRANCH BACK

SAR
LAC

ACC. IS

BZ

ADD
F ZERO

BZ

ADD
ZERQ,

BZ

ADD
IERD,

81

ADD
ZERQ,

BZ

ADD
lERD,

BZ

ADD

lERD,

0,14
1s

ZERDOy WE

PREP

ARE DONE AND READY FOR NEXT ITERATION

NOw, READY FOR FOURTH EVEN QUTPUT

ONE

5
READY FOR

TwO

5
READY FOR

THIRD

5
READY FOR

FOUR

5
READY FOR

FIVE

5

REAJQY FOR

FOURTH 0ODDO OQUTPUT

THIRD EVEN QUTPUT

THIRD 0DD QUTPUT

SECOND €VEN QUTPUT

SECOND 3D0 QUTPUT



MODUL

0766 0204
| 0208
0767
0768
0769
0770 020C
0200
07171
07172
0773
0774
07175
0776
0777
0778
0779
0780
0781
0782
07183
0784
0785

020€
020F
0210
0211
0212

0213
0214
0215
0216
| 0217
0786
0787
G788
0789
0790
0791
0792

0218
0219
021A
0218
021C
0210
021€E
0793

0794

0 ERRORS,

FAMILY MACRO ASSEMS3LER

320
FFOQ BZ
00AF

*

*¥ IF ONE,

-1
FCOO BGZ
0093

*

%

*

*

¥
TEQL B0O0T LACK
5000 SACL
6A00 LT
8700 MPYK
TF8E PAC

*
67T0A NOTDUN TBLR
700A TBLW
1000 sus
FGO0Q BGEZ
0213

*
8024 MPYK
TF8E PAC
500A SACL
701 LACK
7D0A T3LWW
F300 3
0024

*

END

NO WARNINGS

2.1 83.076

SIX

READY FOR FIRST EVEN OUTPUT

SEVEN

BOOT ROUTINE FOR LOADING PROGRAM
MEMORY FROM EPROM TO RAM

>1
>0
>0
>100

>A
>A
>0
NOTOUN

RESET

>A
>1
>A
RESET

13340251

9/726/85
PAGE 0015



APPENDIX III

TMS320 MICT DEMODULATOR PROCESSING SOFTWARE



3ol FPAMILY MAUKL A&D3dCPF3LcCK ded GleViC Adei%cev Ld7s %/ 05

ORIGINAL PAGE IS

DEMPRLC
PAGE 0001

0001 ICT *"CEMPRIC”

0002 S RY ERTEIERXIXEEPERXADR RSP RL LB EE TN XX RS TR ES SRR RS EE XK KR KR
0003 * *
0004 * SOFTwWARE FOR BOARC 2 OF THE REAL TIME °
0005 * IMPLEMENTATION OF THE MANCHESTER TCT *
0006 * DEMCDULATOR %*
0007 * *
0008 * written by - Normsn E. Lay °
0009 * Last Updated : 8/30/85 *
0010 % [
0011 » Genersl Electric Company *
0012 * Corporate Research & Devalopment °
0G13 » Schene¢ctadys N.Y. *
001« ¥ *
0015 R et R bt D ittt T Dt DLl *
0016 * *
Q017 % Tha fcllowuing TMS-320 assembler code *
0018 * implenaents the pilot processing and *
0019 ] corraction to the data channals of phase *
0020 ® irregularities caused by the fading chan- *
0021 * nel. The principal processing intensive *
0022 ° functions implemanted by this code consist *
0023 ] of 4 lowpass filters -- 2 for pilot reco- »
0024 » very 1in each channel and 2 for filtering *
0025 % excess noise from the data band. The pilot *
0026 * processor consists of determining sine & *
0027 % cosine of the phasse angle betueen the I & Q *
0028 * channals of tha recovaered pilct. One octant *
0029 * of sine and cosineé values are stored as a *
0030 () lookug table i1in program memory. Linear in- *
0031 % terpolation 1s used at different processing *
0032 (] rate toundaries (i.e. where the pilot is. *
0033 # removed from the data and ehere sin & cos *
0034 % are used to corraect for phase errors in the *
0035 % data). The data filters operate at a 12kHz *
0038 * rate and the pilot processing is done at a *
0037 * 2.4kH2 rate. *
0038 * *
0039 I et *
0040 : *

00«1 * st Data Page Ran

0042 %

0043 0000 ILPF EQU >0 )

0044 0001 1I11 EQuU >1 )} Beginning of Ram for

0045 Q002 112 EQU 22 } Delay Storage of Filter

0046 0003 I3 EQU >2 } States of the I Channel

0047 000« Il4 EQU >4 } Data LPF

0043 0005 115 EQU >s )} .

0049 0006 116 EQU ¢ } -

0050 0007 117 EQU > )} .

0051 0008 118 EQU >8 )} -

0052 0003 119 EQU >9 ) .

0053 000A 1210 EQU >A ) -

0054 0306 1111 EQU >8 } -

0055 000C 1212 EQU >C )} -

0056 0000 11213 EQU >C } -

0057 000E 1114 EQU >E } -

OE POOR QUALITY,




0058
0059
0060
0061
00562
0063
0064
0065
0066
0067
00638
0063
0070
0071
0072
0073
0G4
0075
0076
0077
0073
0079
0080
0081
0082
0083
008«
0085
0086
0087
0083
0089
04050
0091
0092
0093
009«
0095
0056

0057

0093
00953
0100
0101
0102
0103
010+«
0105
0106
0107
0108
0163
0110
0111
0112
0113
Ol1e

Q0CF
0010
0011
0012
0013
0014
0915
0016
0017
0013
0019
001A
0013
oo1cC
€01D
Q001E€
001F
0620
0021
0022
€023
0024
co025
0025
0027
0028

00z3
002A
0023
002C
00290
002¢
002F
0030
0031
0032
0333
003«
0035
0036
0037
0038
0039
0034
0038
003C
003C
003z
003F
0040
0C41l
0042
00453
G04as
0045
0046

1215
1216
1217
1218
1219
1220
1221
1122
1223
1224
1225
1226
1227
1228
1229
1230
12314
1232
1233
1134
1135
1235
12317
1238
1239
1240

CLPF
L1

«l2

Qi3

Ql«

Qel5
<elé

Q17

L8

£219

CZ10
Q111
Q112
Qz13
Clle
€115
Cl15
117
Ql1s8
CI13
€220
GZ21
122
223
CZ24
Q125
wll6
w217
QZ28
2129

EQU
EQU
EQU
EQU
EJU
EQU
EQU
€QuU
ECU
EQU
EQU
EQU
tQuU
EQU
eQuU
EQU
EQU
eQu
EQU
eQU
34V
EQU
EQU
EQU
EQU
EQU

EQU
EQU
EQU
EQU
EQu
EQU
EQU
EQU
EQU
EQU
EQu
EQU
EQU
EQCU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
ECU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

>F

>10
>11
>12
>13
214
>15
>156
217
>138
>13
214
>18
>1C
>10
>1¢&
>1F
20
>21
22
>23
224
225
226
>27
>28

29
>2A
>28
>2¢C
20
2t
>2F
>30
>31
>32
>33
>34
>35
>3¢6
>37
>38
239
>34
>332
>3C
>30
3¢
>3F
>40
>41
>42
243
D44
245
246

W N W N N e M N N Nt g e N gt gt wpt N g g N Nt o N

W N e e W N N b e W A e W b b el M e e b e e s b Wl b b e A

® 6 6 8 4 9 0 5 4 2 0 0 0 0 0 0 0 0 e 0 0 s s oo

PAGE 0002

ORIGINAL PAGE IS
OE POOR QUALITY,

End of I Data LPF

Delay Storage

8eginning

of Ram for

Delay Storage of Filter

States of
Data

the Q Channel
LPF



PAGE 0003

0115 0047 (230 EQU 2417 )} .

0116 0048 (131 ECU 243 ) .

0117 0049 (1132 ECU 49 )} .

0119 C048 (234 EQU >43 )} . UALITY,
0120 00¢C QI35 ECU 54C ) . OE ROOR Q *
0121 0040 Q136 EQU 24D } -

0122 004«E Q127 EQU d4E ) .

0123 004F Q238 EQU D4F } .

0124 €050 QI35 EQU >50 } End of C( Data LPF

0125 0051 (CI40 eQu >51 ) Delay Storage

0126 ]

0127 0052 IDAT? EQU >52 ) Ram for storing I & Q

0128 0053 (COATA EQU >53 } input data

0123 *

0130 005« IBUFF EJQ >54 } Input data buffer to

0131 00539 (BUFF €EQU >53 } permit pilot processing

0132 *

0133 005 SIN EQU >SE } Sine calculation

0134 005F PRESIN ECQU >S5F } Save for sine lin. interp.
0135 0060 CLCSIN EQU 60 )} Use as sine in interrupt

0136 0061 (€GOS EQU €1 } Cosine calculation

0137 0062 PRECCS EQU 62 } Save for cosine lin. interp.
0138 0063 CLDCCS EQU >63 )} Use as cosine in interrupt
0133 0064 SINSTIP EQU 264 } Sine step size calc.

0140 0065 OSSTF EQU 265 )} Use in intrpt. as step size
0141 0066 COSSTP ECQU 266 } Cosine step size calc.

0142 0067 CCSTF EQU >617 } Use in intrpt. as step size
0143 *

Qlé4e 0063 IPILCTY EQU 2638 } Input I pilot

0145 0069 OLOIF EQU 269 } Save for I lin. interp.
0145 C06A QIPIL EQU >6A } Use as I pilot in interrupt
0147 0068 CPILCT EQU >68 } Input Q pilot ,
0148 C06C OLDBQF EQU >6C } Save for Q gilot lin. interp. ’
0149 0060 OQPIL EQU >éD } Use 2s Q pilot in intrpt.
0150 C06E IPSTF EQU >6E. } I pilot step size calc.

0151 Q06F CIPSTIP ECQU déF } Use in intrpt. as step size
0152 0070 CPSTF EQU >10 } Q pilot step size calc.

0153 0071 gQPSTP EQU >11 ) Use in intrpt. as step size
0154 *

0155 0072 CNE EQU >12 } Constant = §

0156 0073 SNCFLG EQU >13 } Flag for pilotsdata alignament
0157 007« TEMPYI EQU >74 } Temp ranm used in background
0158 0075 TEMP2 EQU >15 ) .

0153 0076 SINMI EQU >16 } Temp ram used in interrupt
0160 0077 SINMC EQU >17 } e

0161 0078 IDOUT EQU >18 } I data output

0162 0073 CDOUT EQU >719 ) Q data output

0163 0074 SNOFST EQU >7A ) Table offset for stored sine
0164 007A CSCFST EQU 214 } and cosine values

0165 0073 ISIGN EQU >18 } Temp ram used in background
0166 007C QSIGN EQU >1¢C )} "

0167 *

0163 * Ram for Saving Registers

0169 * During an Interrupt

0170 *

0171 007D IACH EQU >10 } Save high accumulator




0172
0173
017«
0175
0176
0177
01738
0179
0180
0181
0182
0183
Q18+
0185
0186
0187
0188
0189

- 0190

0191

- 0192

0193

0194
- 0195
' 0196

1 0197
i 01935
0199
0200
0201
0202
0203
0204
0205
0206
02017
0208
0203
0210
0211
0212
0213
021«
0215
0216
0217
02138
0219
0220
0221
0222
0223
0224
0225
0226
0227
0228

007:¢
007F

0500

FFOD8
FFET
006C
FFFF
FFO4
FFAS
FFFB
0063
00738
FFEo
FFé4
FF67
0063
0144
0085
FEDA
FO9E
FF33
03E9
032C
0879

FF3«
FFES
FFF6
0011
0036
0060
00388
0080
00Cs8
00C3
00b«
0081
0031
FFCT
FF«l
FECD
FE5S7

CLPF1
CLPF2
CLPF2
CLPF4
OLPFE
DLPFéE
ELPF1
CLPFE
OLPFS
CLPF10
OLPF1l
CLPF12
CLPF13
OLPF14
CLPF15
CLPF16
DLPF17
OLPF18
CLPF1S
OLPFz0
OLPF21

@ & % & ¥ 4

PLPF1
PLPF¢
PLPF3
PLPF4
PLPFE
PLPFE
PLPF1
PLPFE
PLPFS
PLPF10
PLPF11
PLPF12
PLPF13
PLPFl4
PLPF15
PLPF16
PLPF17

T PAGE 0004
EQU >1€ } Save los accumulator
EQu >1F } Save T register

Address Constant for Sine ]
and Cosine Lookup Table ORIGINAL PAGE IS

OE POOR QUALITY.
ECU >500

Data LPF Constants

Only half the coefficients are coded because
the filter is symmatrical.

EQU -37
EQU =25
EQu 103
EQU -1
EQU ~h4
EQU -50
EQU -8
EQU 104
EQu 120
ECU -26
EQU -188
EQU -153
gQu 107
EQU 324
EQU 181
ECU =294
EQU -610
EQU =200
EQU 1co01
EQU 2348
EQU 2937

Pilot LPF Constants

Only half the coefficients are coded because
the filter is symmetrical.

£QU -204
ECU -26
EQU -10
EQU 17
EQU 5S4
EQuU 96
EQU 139
eCu 176
ECu 200
ECU 203
EQu 180
EQU 123
EQU 4S
EQU -57
EQu -179
EQU -307
EQU -425



~

0229
0250
0251
0232
- 0233
0234
0235
0236
0237
0238
0239
0¢40
0241
0242
0243
0244
0245
0246
0247
02438
02453
0250

6251
0252
0253
0254
0255
0256
0257
025¢
0259
0260
0261
0262

0263
0264
0265
0266
0267
0268
0269
0270
0271
0272
0273
0274
0275
0276
0277
0278
0273
0280
0281
0282
0283

0000

0000
0001

0002
0003
0004
0005
gG0¢

0007
ocoe
0006S
0004

0003
000C
000D
000€E
000F
0010
0011
0012
0013
0014
0015
0016

0017

gcia
0019
0014
0c18

FOF3
FOCA
FDD+«
FE2?
FECA
FFC1
010¢6
026 ¢E
0446
0617
D7E5
036+~
0B06
0C23
0CD s
0013

F30¢
0700

5870
5017¢&
8001
T1F8E
501F

4873
4373
F&600
0020

6961
6962
6365
635¢
695F
696«
6963
6963
696t
6963
6936C
695170

6972

«052
4153
42638
4368

PLPF18
PLPF19
PLPF20
PLPFZ1
PLPFe2
PLPF23
PLPF24
PLPFZ5
PLPFZ6
PLPF27
PLPF28
PLPFZ9
PLPF30
PLPF21
PLPF22
PLPFZ3
P

]

*

- o N &

NTIRFT

EQU
EQU
EQU
EQU
eqQu
EQU
EQU
EQU
ECU
EQU
EQU
EQU
EQU
EQU
gQu
EQu

Segin TMS-320 Code

ACRG

8

-517
=566
-556
-473
-310
-63

262

654

1094
1559
2021
2452
2822
3107
3286
3347

>0

8C0T

Bagan Interrugt Routine

SACH
SACL
MP YK
PAC

SACL

ouT
ouT
8102

DMOV
DMOV
DMav
oMoy
DMOV
DMOV
DMOV
(o} §0}
DMOV
oMoV
DMOV

DMV

DMaVv

IN
IN
IN
IN

IACH
IACL
>1

ITREG

ICOUT, 0
QC3UT,1
NCSYNC

cos
PRECOS
CCsSsSTP
SIN
PRESIN
SINSTP
IPILOT
oLDIP
IPSTP
QPILOT
oLDQP
QPSTP

OME

ICATA,O
QCATA,1
IPILOY,2
JPILOT,3

v e v

Wt W Nt N Nt Nt N At Nt N N Ny L A 4

Ay

" N N

PAGE 0005

ORIGINAL PAGE IS
OE POOR QUALITY.

Save accumulator
and T register dur-
ing an interrupt.

Output rocovordd ) §
and Q data.
Check for time alignment.

Update sin, cos, 1 pilot
and Q pilot and all cor-
responding step sizes.

End of Update.

Set SNCFLG.

Input I £ Q pilot and
data streanms.



0284
0285
0286
0287

0283
0289
0290
0291
0292
0293
0294
0255
0296
0297
0293
0299
0300
0301
0302
0303
0304
0305
0306
0307
0308
0309
0310
0311
0312
0313
0314
0315
0316
0317
0318
0319
0320
lo321
0322
0323
0324
0325
0326
0327
0328
0329
0330
0331
0332
0333
0334
0335
0336
0337
0338
1339

001C
001C

001E
001F

0020
0021

0022
0623
0024
0025
0026
0027
0028
0029
0024
002¢e
002C
odac

002¢E
002F
0630
0031
0032
0C313
0034
0035
003¢
0037
0038
0039
G03a
0038
003C
0030
003E
003F
0040
0041
00«2
0043

0044
0045
0046
0047

7054
7159

F300
002z

4052
4153

6564
606F
5864
6560
6071
5860
6563
6067
5363
6560
6065
5860

2083
106A
5083
6A60
6081
TF8E
5976
2083
1060
5088
6080
TFBE
5917
6A63
6081
TF8E
0F77
5300
c080
TF8c
1F76
5825

2052
S0A1L
2053
5040

LARK 0,IBUFF
LARK 1,QBUFF
8 CONTNU
IN ICATA,O
IN QCATA,l
ZALHK CIPIL
ADOH OIPSTP
SACH 0IPIL
IALH acPIL
ACCH 0CPSTP
SACH gePiIL
ZALH oLDCos
ADDH 0CsTP
SACH oLocos
ZALH OLDSIN
ACDH QssTP
SACH OLDSIN

-------- - ac Ve v

PAGE 0006

Reset processing delay
bufter pointers.

L

gt

Input I & Q data

streams. ORIGINAL PAGE IS
QF ROOR QUALITY,

et

Update filtered pilot
for linear interpolation.

W e N

Update sin £ cos for
linear interpolation,

L

The fcllouing section ot code
implemants the equations @

i = 1

Iq = Cdxcos(phi) -
LAC %

SuUB 0IPIL
SACL %

LY JLDSIN
MPY ¥y1

PAC

SACH SINMI,!
LAC %

Sus 0CPIL
SACL %

MPY ¥ 0

PAC

SACH SINMQ,1
LT oLDCOS
MPY %01

PAC

ADD SINMI,s 15
SACH ILPF,0
MPY ¥ 0

PAC

sus - SINMI,L1S
SACH QLPF,0
LAC ICATA
SACL %490,1
LAC QDATA
SACL ¥4,50,0

The following two

d¥cos(phi) ¢+ Qd*sin(phi)

Id*sin(phi)

)]
} Remove pilot from I data.
)}

)
} Remove pilot from Q data.

}

} Store Current Input
} I & Q Data.

LPFs are for



DemMpPROC 223 FAMILY MACRC ASSEMBLZR 2.1 33.07¢6 13242309 11/ 4/35
PAGE 0007

03490 % tha removal of out of band noise
0341 % in both tha I & & data channels.
0342 %

0343 %

0344 ] Data LPF Coda I Channel
0345 ¥

0346 0048 7F89 ZAC

0347 G049 6A23 LY 1140
03458 Q04A 9FC38 MPYK OLPF1
0345 0048 6827 LTO 1135
0350 004C SFE7 MP YK OLPF2
0351 0040 6825 LTD 1238
0352 004€ 806C MPYK DLPF3
0353 00<F 6325 LTD 1237
0354 0050 9FFF MP YK OLPF4&
0355 Q0051 632« LTD I23¢
0356 0052 9FC4 MP YK DLPFS
0357 0053 6323 LTO 1235
0358 0054 SFAS MP YK DLPFS
0359 0055 6822 LTD 1234
0360 0056 9FF3 MP YK JLPFT
0361 0057 6821 LTD 1233
0362 0058 60613 MP YK DLPF3
0363 0059 6320 LTD I732
0364 005A 8073 MPYK OLPF3
0365 0058 6B1F LTD 1231
0366 005C GFES6 MPYK DLPFL1O
0367 005C 6B1lE LTD 1230
0368 Q05E 9Fae< MP YK DLPF11
0369 005F 6219 LTD 1229
0370 0060 SF67 MP YK OLPF12
0371 0061 631C LTD 1728
0372 0052 8063 MP YK DLPF13
0273 005613 6813 LTD 1227
0374 0064 B8l44 MPYK DLPFl4
0375 0065 6B1A LYD 1226
0376 00686 8085 MP YK DLPF1S
0377 Q067 6313 LTD 1225
G373 0068 9cDA MP YK DLPF1ls6
0373 0069 6313 LTS 1224
0360 006A 909:Z MP YK CLPF17
0381 0068 6317 LYD 17123
0382 006C 9F33 MP YK DLPF18
0383 GC6D 63816 LTO 1122
0384 000E 83c3 MP YK DLPF19
0385 Q06F 6815 LTD 1121
0386 0070 832¢C MP YK CLPFZO
0387 0071 6314 LTD 1120
0388 0072 8373 MPYK JLPF21
0383 0073 6313 LTO 1216
0390 0074 832C MP YK OLPF20
0391 0075 65812 LTD 12718
0392 0076 B83t9 MP YK DLPF1S
0393 0077 6311 LTD 1217
0394 0078 9F33 MPYK DLPF18
0395 0079 6310 LTC 1216

0336 0074 90S¢c MP YK CLPF1T



0397
0398
0393
0400
0«01
0402
0403
04«04
0405
0406
0407
0408
0409
0410
0411
0412
0413
0414
0415
Qelsb
0417
0413
0419
0420
04cl
0422
0423
0424
0425
0426
0427
0428
0429
0430
0431

0432 .

0433
0434
0435
0436
0437
0438
0439
0440
0441
0442
0443
Q444
0445
0446
0447
04438
0449
0450
0451
0452
0453

0078
007C
001C
007€
007F
0080
0081
0032
0083
0G3+4
0085
0086
0087
0088
0039
0os8aA
0038
008C
0080
o8t
Q08F
0050
0091
0032
0093
0094
2095
609¢
20917
00938
009s
009A
0693
003C

0050
003¢E
003F
00A0
00A1
0042
00A3
0044
00AS
00A6
00A7
0048
00A9
Q0AA
00AB
00AC
D0AD
00AE
00AF
0080

630F
9EDA
630¢&
6065
6500
8§l44é
630C
B0é8
6303
9F67
6B80A
9F e 4
6309
9FES
6308
8078
£307
8063
6805
9FF8
6805
9FAé
6804
9FD«
6803
9FFF
6802
80&C
6801
9FE7Y
6800
SFD3
1F8F

5C718

T1F83
6A51
SFD3
63590
SFE?
6564F
806C
6B4E
SFFF
634D
9FDe
684C
9FAo
6843
9FF3
6844
8063
6843
8078
6848

* &

LTD
MPYK
LYD
MPYK
LIO
MPYK
LT
MP YK
LTOD
MPYK
LTD
MPYK
LTD
MPYK
LY0
MPYK
LTD
MPYK
LTC
MPYK
LTD
MPYK
LTD
MPYK
LTD
MPYK
LTD
MPYK
LYD
MPYK
LTD
MPYK
APAC
SACH

Datsa

ZAC
LY
MPYK
LTD
MP YK
LTD
MP YK
LTO
MP YK
LT0

MP YK

LTD
MP YK
LTO
MP YK
LTD
MPYK
LTO
MP YK
LTD

1215
DLPF16
IZ14
DLPF15
1713
DLPF14
1212
OLPF13
1711
DLPF12
1710
DLPF11
IZ9
DLPF10
1238
CLPFS
127
DLPF3
116
DLPF7
115
DLPFS
Il4
DLPFS
I13
DLPF«
I22
DLPF3
I21
OLPF2
ILPF
OLPF1

ICOUT,&

LPF Code Q Channel

QZ40
DLPF1
Q2139
DLPF2
Q238
DLPF3
Q137
DLPF <«
Q1358
DLPFS
Q113s
DLPF6
Q34
DLPF7?
G233
DLPF3
Q132
DLPF3
Q231
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0454
0455
0456
0457
0458
0459
0460
0«61
0462
0463
0464
0465
0466
0467
0468
0469
0470
0471
0472
0«73
0474
0475
0476
0677
0478
0479
0480
0481
0482
0483
0484
0485
04856
0487
0483
0489
0490
0491
0492
0493
0454
0495
0496
0497
0498
0495
0500
0501
0502
0503
0504
0505
0506
0507
0508
0509
0510

0031
00B2
0032
0034
0085
003¢
0037
coss
0039
00aa
ooss
goac
00ac
00BE
008F
00cCo
eaC1
00cCe
00C3
00C4
00CS
00Cé
oocC?
00cCa
00CS9
00CA
goce
0occC
a0CC
00CE
00CF
0000
0001
00D2
0003
0004
0005
00D6
00D7?
0008
0009
00DA
ooos
000C
gooC
000E
Q00F
d0¢e0
00c1
00E2
00z3
00E4
00ES
00€Eeé
00E7
00ES
00€ES9

9FES
6847
SF44
6846
9F67
6845
8063
6344
Blas
6343
80B5
6842
9EDA
654l
906G €
6840
3F334
633F
B83E9
683E
892C
683D
8379
683C
892C
é838
83E9
6B83A
9F38
6833
905 ¢
6835
9EDA
6B37
&E085
6836
8les
6335
80638
6334
SF67
6333
SF«4
6832
9FES
6831
8078
6330
8068
632F
9FF38
6B2E
9FAb
682D
9F0«
682C
SFFF

MPYK
LT
MPYK
LTD
MPYK
LTD
MPYK
LTD
MPYK
LTD
MP YK
LY
MPYK
LTD
MPYK
LYC
MPYX
LTD
MPYK
LTO
MP YK
LTD
MPYK
LTD
MPYK
LTD
MPYK
LTD
MPYK
LTD
MPYK
LTO
MPYK
LTD
MPYK
LTD
MPYK
LTD
MPYK
LYO
MPYK
LTO
MPYK
LYD
MPYK
LTD
MPYK
LTD

MPYK"

LTD
MP YK
LTD
MPYK
LYD
MP YK
LTD
MPYK

OLPF10
Q730
DLPF11
€229
CLPF12
Q128
DLPF13
Q227
DLPF1l4
Q226
ODLPF15
Qz125
CLPF1é
QZ24
DLPF17
Q223
DLPF18
Q122
DLPF1S
Q221
DLPF20
Q220
DLPF21
QZ19
DLPF20
Q118
DLPF19
Q217
OLPF18
Q216
DLPF17
QZ15
DLPF1lé€
114
DLPF15
QZ13
DLPF14
QZ12
DLPF13
Qz11
DLPF12
QI10
DLPF11
19
DLPF10
Q18
DLPF3
Q17
DLPF3
Q5
DLPF7
Q15
DLPF6
Q14
DLPFS
Q13
DLPF«
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'

’0561

0511
0512
0513
0514
0515
0516
0517
05138
0519
0520
0521
0522
0523
0524
0525
0526
0527
0528
0529
0530
0531
0532
0533
0534
0535
0536

0537
0533
0539
0540
0541
0542
0543
0544«
0545

| 0546

0547
05438
0549
0550
0551
0552
0553
0554
0555
0556
0557
0558
0559
0560

0562
0563
0564
0565
0566

00Ea
ooce
Q0EC
00€D
O0EE
00cF
00FC
00F1

00F2
00F23
00F4

00F5
00F6

0CF7?
O0O0FE&
00Fs9

Q0FA
00F8
6O0FC
0QFQ
0GFE
00FF
0100
0101
0102
0103
0104
0105

6323
806C
6824
SFE7T
6829
9FD5
1F8F
5C19

6570
617¢c
6ATF

TF82
TF8D

2013
FFQO
Q0F7

1F83
6A63
9F34
“T74
4Fé8
6CT4
SFES
“7638
“FT4
6C64a
9FFé
47174

W % WO UNNEO NN ON

PAGE 0010

LTD Q2

MP YK OLPF3
LTD Q11

MP YK DLPF2
LY0 SLPF

MP YK DLPF1
APAC

SACH «CCUT, 4

Restore Ragistars

ZALH IACH
ACDS IACL
LY ITREG
EINT
RET

Begin Background Code for
Calculation of I € Q Pilot
and Sin & Cos Step Sizes.
Perform Pilot LPF and Sin &
Cos Table Lookupe.

} Wait for pilot/data
} synchronization.

LAC SNCFLG
82 BKGRNC

The fcllowing two LPFs are for pilot
recovery of the 1 & Q channel.

Note ¢ the linited internal memory of tha
TMS-320 required that the pilot LPF
filter states be stored externally;
hosever, TBLW/TBLR instructions carry
a 6 cycle overhead for memory access;
to lower this cverhead penalty, extra
ram was added to be accessed through
the I/0 ports raducing the overhead
to & cycles; memory addressing 1is ac-
complished by an external counter that
1is advanced by an CUT ,7 instruction;

I Pilot LPF Cade

ZAC

LT IpILoY
MPYK PLPF1

IN , TEMPL,7
ourt IPILOT,?
LTA TEMP)
MPYK PLPF2

IN IPILOT,7
ouT TEMPL1,7
LTA IPILOTY
MPYK PLPF3

IN TEMPL1,7




0567
0568
0569
0570
0571
0572
0573
0574
0575
0576
0577
0578
0579
0580
0581
0582
0583
0584
0585
0586
0587
0588
0589
0550
0531
0592
0593
0594
0595
0596
0597
0598
0593
0600

0601
0602

0603
0604
05605
0606

- 0607

0508
0609
0610
0511
0612
0613
0614
0615
0616
0617
06138
0619
0620
0621
0522

0623

0106
0107
0108
0109
0104
0108
010C
019C
010¢
010F
0110
0111
0112
0113
0114
0115
0116
0117
0118
0119
011A
o118
011C
0110
011¢
Ol1F
0120
0121
0122
0123
0124
0125
012¢
0127
0128
0129
0124A
0128
012C
012¢C
012¢
J012F
013¢
0131
0132
0133
0134
0135
013¢
0137
0138
0135
0134
0138
013C
0130
013€E

«F63
6CT4
8011
4763
«F T4
6Lé8
83036
4174
4F68
&CT4
8060
«768
4F74
6C63
8083
“ll4
4F63
6CT«
80go
4768
4F T4«
6C638
80C3
4774
4F68
6CT4
80Ca
4768
4FT4
6Cé68
8084
4774
4Fé3
6CT4
8081

«768

“«FT4
6C68
8031
“774
4F68
6C714
9FC7
«768
4F 74
6Cé68
9F&4D
717«
4F63
6CT4
9ECD
4768
4F74
6L63
9€S57
4774
4F63

ouT
LTA
MPYK
IN
our
LTA
MPYK
IN
ouT
LTA
MPYK
IN
cuy
LTA
MPYK
IN
ouT
LTA
MPYK
IN
ouT
LTA
MPYK
IN
ourt
LTA
MPYK
IN
ouT
LTA
MPYK
IN
ouT
LTA
MPYK
IN
auT
LTA
MPYK
IN
guT
LTA
MPYK
IN
our
LTA
MPYK
IN
Gurt
LTA
MPYK
IN
our
LTA
MPYK
IN
gur

D

IPILOT,7
TEMP]
PLPF4
IPILOT,?7
TEMP1,7
IPILOTY
PLPFS
TEMPL,7
IPILOT,7
TEMPL
PLPFS
IPILOT,?
TEMPL,7
IPILOTY
PLPFT
TEMP1,7
IPILOTY,7
TEMP1
PLPFS8
IPILOT,7
TEMPL1,7
IPILOT
PLPFS
TEMPL1,7
IPILOT,T
TEMP1
PLPF10
IPILOT,7
TEMPL1,7
IPILOT
PLPF11
TEMP1,7
IPILOT,T
TEMP1
PLPF12
IPILOTY,T
TEMP1,7
IPILOT
PLPF13
TEMP1,7
IPILOT,7
TEMP1
PLPF14
IPILOT,T
TEMP1,7
IPILOT
PLPF15
TEMP1,7
IPILOT,?
TEMP1
PLPF1l6
IPILOT,?
TEMP1,7
IPILOT
PLPF17
TEMP1,7
IPILOT,?

ORIGINAL PAGE IS
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0624
0625
0626
0627
0628
0629
0630
0631
0632
0633
0634
0635
0636
0637
0638
0633
0640
0641
0642
0643
0644
0645
0646
0647
06438
0649
04650
0651
0652
0553
0654
0655
0656
0657
0658
0659
04660
0661
0662
06¢&3
0664
06€5
0666
0667
0668
0663
0670
0671
0672
0673
0674
0675
0576
06177
0678
0675
D480

013F
0140
0141
0142
0143
0l44q
0145
0146
0141
01438
0149
0144
0148
014C
0140
014E
014F
0150
0151
0152
0153
0154
0155
0156
0157
0156
0159
0154
0158
015C
0150
015€
G15F
0160
0161
0162
0163
0164
0155
0166
0167
0168
0169
0164
0148
016C
0160
016E
016F
0170
0171
0172
0173
0174
0175
0176
0177

6CT«
90Fa
©768
4F74
6C68
SDCaA
774
4Fé68
6CTa
SDDe
4768
4F74
6C63
9£27
4774
4Fé3
6CT4
9€ECA
4768
4F74
6C638
SFC1
4774
4F63
6CT4
8106
4768
4F74
6C68
328¢E
477«
4F638
6CTw~
84456
4768
“FT4
6Cé68
86117
4774
4F68
6C74
BTES
4“T66
4FT4
6L68
839«
4174
4F68
6CT4
8806
4768
4F74
6Cé63
8C23
4774
4F68
6CTe

LTA
MP YK
IN
our
LTA
MP YK
IN
ouT
LTA
MP YK
IN
ourT
LTA
MP YK
IN
ourt
LTA
MP YK
IN
CuT
LTA
MP YK
IN
ourt
LTA
MP YK
IN
our
LTA
MP YK
IN
ouT
LTA
MP YK
IN
ouT
LTA
MP YK
IN
gurt
LTA
MPYK
IN
our
LTA
MPYK
IN
our
LTA
MP YK
IN
oury
LTA
MP YK
IN
ouT
LTa

TEMPI
PLPF18
IPILOT,7
TEMPL1,7
IPILOT
PLPF19
TEMP1,7
IPILOT,?
TEMP1
PLPF20
IPILOT,?7
TEMPL,7
IPILOY
PLPF21
TEMPL1,7
IPILOT,7
TEMP1
PLPF22
IPILOT,7
TEMPL1,7
IPILOY
PLPF23
TEMP1,7
IPILOTY,7
TENPL
PLPF24
IPILOTY,7
TEMP1,7
IPILOT
PLPF25
TEMPL1,7
IPILOT,7
TEMPL
PLPF26
IPILOY,?
TEMP1,7
IPILOY
PLPF27
TEMPL1,7
IPILOT,7
TEMPL
PLPF28
IPILOT,?7
TEMPL,7
IPILOY
PLPF29
TEMP1,7
IPILOT,7
TEMP]
PLPF30
IPILOT,7
TEMP1,7
IPILOY
PLPFI1
TEMP1,7
IPILOTY,7
TEMP]
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0681
0682
0683
0684
0685
0586
0687
0688
0683
0550
0691
0692
0693
069«
0695
0656
0697
06938
0693
0700
0701
0702
0703
0704
0105
0706
0707
0708
0709
0710
0711

0112
0713
0714
0715
}0716
0717
0718
0719
[0720
0721
10722
0723
0724
}0725
0726
0727
10728
10729
0730
0731
0732
0733
0734
0735
0736
0737

0178
0179
0174
0178
017C
017C
017¢
Q17F
0180
0131
0182
0183
0134
0185
0136
187
0188
0139
0134
0188
013C
0180
018€
018F
0190
0131
0192
0193
0194
0135
0196
0197
0198
01399
0134
0198
01sC
019C
013E
019F
01A0
01A1
01A2
0143
01A4
01A5
0146
01A7
01A38
0149
01AA
01AB
01AC
01AD
01AE
0l1AF
0180

8CC»s
4763
4F T«
6Cé68
D13
4774
4F68
6CT«
6CC6
768
“FT4
6Cé&3
8C23
4774
4fF63
6CT4
8806
47638
«F74
6C68
8394
“«774
4F638
6CT4
87E5
4768
4FT4
6Cé8
8617
4174
4F63
6CT4
8446
4763
4F T«
6C68
828¢
4774
4F63
6CT4
8106
4768
4F T«
6C&8
9FC1
«774
4F63
6CT4
9ECA
4768
“F T«
6Cé38
9E27
4774
4F68
6C7¢
300«

MPYK
IN
our
LTA
MPYK
IN
gur
LTA
MP YK
IN
auT
LTA
MPYK
IN
ouT
LTA
MPYK
IN
ouT
LTA
MPYK
IN
ouT
LTA
MPYK
IN
ouTt
LTA
MPYK
IN
our
LTA
MPYK
IN
gur
LTA
MPYK
IN
ouT
LTA
MP YK
IN
gurT
LTA
MPYK
IN
our
LTA

MPYK

IN
ouT
LTA
MPYK
IN
ourT
LTA
MPYK

PLPF32
IPILOY,7
TEMP1,7
IPILOY
PLPF33
TEMPL1,7
IPILODT 7
TEMPL
PLPF32
IPILOT,7
TEMP1,7
IPILODT
PLPF31
TEMP1,7
IPILQY,7
TEMPL
PLPF30
IPILOT,7
TEMPL,7
IPILOTY
PLPF29
TEMP1,7
IPILOT,7
TEMPL
PLPF28
IPILOT,7
TEMP1,7
IPILOY
PLPF21
TEMP1,7
IPILOT,7
TEMP]
PLPF2¢€
IPILOTY,?
TEMPL,7
IPILOTY
PLPF25
TEMP1,7
IPILOT,7
TEMPL
PLPF24
IPILOT,7
TEMP1,7
IPILOT
PLPF23
TEMP1,7
IPILQTY,7
TEMP1
PLPF22
IPILOT,7
TEMPL1,7
IPTILOT
PLPF21
TEMPL1,7
IPILOT,?
TEMP]
PLPF20
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0138
0739
0740
07«1
0742
0743
0744
0745
0746
0747
0748
0743
0150
0751
0752
0753
0754
0755
0756
0757
07158
0759
0760
0761
0762
0763
0764
0765
0766
0767
07¢8
0769
0770
0771
0772
0773
0774
0775
0176
07717
0778
0779
0780
0781
078¢
0783
0784
0785
0786
0r87
0788
0789
0750
07191
0792
0793
0794

o181
0182
0183
0184
0185
0136
01317
QL33
0139
018A
0188
018C
0180
0l18€E
O0l1BF
01C0
01C1
01C2
01C3
01C4
01Cs
01Cs
01C7
01Cs
01C9
01CaA
01C8
o01CcC
01CC
01CE
01CF
0100
01D1
0102
0103
0104
0105
0106
0107
01Ds8
0109
010A
0108
010C
0100
010€
Q1DF
01E0
O1lE1

01£2.

01€3
01E4
01ES
O01Ee
01€7
o1:c8
O01€s

«163
©«FT4
€C68
SDCA
4774
4F638
6CT4
SDFB
4768
4F74
6Cé68
SES7T
4774
4F68
6CT4«
9eCD
4768
“FT4
6C68
9F 40
4774
4F68
6C74
9FC7
4768
4F74
6Cé38
8031
4774
4F635
6CTw
8081
4768
4F74
6Cé638
808+«
47638
4F63
6CT«
80C3
41638
4F68
6CT4
80C38
4763
4F6&8
6C74
80840
4768
4F68
6C74
8083
4768
4F63
6CT4
8060
4763

IN
ouTr
LTA
MP YK
IN
ouY
LTA
MP YK
IN
GuT
LA
MP YK
IN
ouT
LTA
MP YK
IN
ouT
LTA
MP YK
IN
ourt
LTA
MP YK
IN
ouT
LTA
MP YK
IN
ourTt
LTA
MP YK
IN
ouT
LTA
MP YK
IN
ouTt
LTA
MP YK
IN
ouT
LTA
MP YK
IN
Qur
LTA
MP YK
IN
our
LTA
MP YK
IN
ouT
LTA
MPYK
IN

IPILOT,7
TEMPL1,7
IPILOY
PLPF19
TEMPL,7
IPILOT,7
TEMPL
PLPF18
IPILOT, 7
TEMPL1,7
IPILOTY
PLPF17
TEMPL,7
IPILOT,7
TEMPL
PLPF16
IPILOT,7
TEMPL,7
IPILOT
PLPF1S
TEMPL,T
IPILOT,7
TEMPL
PLPF14
IPILOTY,?
TEMPL1,7
IPILOT
PLPF13
TEMPL,7
IPILOT,7
TEMPL
PLPF12
IPILOT,7
TEMPL1,7
IPILOY
PLPF11
IPILOT,?
IPILOT,7
TEMPL
PLPFL10
IPILOT,7
IPILOT,7?
TEMP1
PLPFI
IPILOT,?
IPILOT,7
TEMP1
PLPFS
IPILOT,7
IPILOT,7
TEMPL
PLPFT
IPILOT,?
IPILOT,7
TEMPL
PLPF&
IPILOT,T
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0795
0796
0797
071938
0759
- 0800
- o801
0802
0803
0804
| 0805
0806
0807
' 0808
. 0309
0610
0311
0812
03813
0814
0815
0616
0817
0818
0819
0820
0821
}oazz
| 0823
0824
' 0825
0825
0827
0828
0829
0830
0831
0632
0833
0834
0835
0836
0637
0838
}0839
0840
0841
10842
0843
0844
0845
’0846

0847
08438
0849
0850
0851

01&A
0lED
01€C
01€0
OlEE
OlcF
01FQ
01F1
01F2
01F3
0l1F4
01F5
01Fé¢
01F17
01F8
01F9
01FaA
01FE
01FC
01FC
01FE

01FF
0200
0201
g202
0203
0204
0205
0206
0207
0208
0209
0204
0208
020C
0200
020E
020F
0210
0211
0212
0213
0214
0215
0216
0217
0218
0219
0214
0218
021C
0210
021E
021F

4Fé68
6CT4
8036
4768
4Fé635
6CTa
8011
«763
4Fé638
6CTe
9FF &
“7638
“4F63
6CT4
9Fc s
47638
4Fé68
6C74
SF34
T1F8F
5963

7789
6A63
S9F3«
4774
4F68
6CT4
9FE6
4768
“F14
6Cé8
SFF6
47T«
4Fé8B
6CT4
8§011
4768
4FT4
6Cé63
8036
4774
4F63
6CT4
8060
4768
4«F14
6Cé68
8088
4774
4F63
6C7«4
80BO
4763
4F 74«

ouT
LTA
MPYK
IN
gur
LTA
MPYK
IN
ourt
LTA
MPYK
IN
our
LTA
MPYK
IN
ouT
LTA
MPYK
APAC
SACh

S Pilct

IAC
LY
MP YK
IN
aurT
LTA
MP YK
IN
cur
LTA
MPYK
IN
quTt
LTA
MPYK
IN
ouT
LTA
MP YK
IN
gurt
LTA
MP YK
IN
ouT
LTA
MPYK
IN
our
LTA
MP YK
IN
QuTt

IPILIT,T
TEMPL
PLPFS
IPILOT,T
IPILOT,7
TEMPL
PLPF4
IPILOT,7
IPILOT,?
TEMPL
PLPF3
IPILOT,7
IPILOT,7
TENP]
PLPF2
IPILOT,7
IPILOT,T
TEMP1
PLPF1

IPILOT,1

LPF Code

QPILOT
PLPF1
TEMPL1,7
CPILOT,7
TEMPL
PLPF2
QPILOT,7
TEMP1,7
JPILOT
PLPF3
TEMP1,7
QPILIT,7
TEMPL
PLPF4
QPILGT,7

"TEMP1,7

QPILOT
PLPFS
TEMP1,7
GPILOT,7
TEMF1
PLPF$
QPILOT,7
TEMP1,7
QPILOT
PLPFT
TEMP1,7
QPILOT,7
TEMPL
PLPFS
GPILOT,7
TEMP1,7
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0852
0853
0854
0855
0856
0857
0858
0859
0860
0861
0862
0863
0864
0865
0866
0867
0868
0869
03870
0871
0872
0873
037+«
0875
0876
0877
0s78
0879
0860
0gal
0882
0883
0884
08gs
088é
0887
0888
0889
0830
0891
0892
0863
0894
0895
0896
0897
0898
0893
0900
0901
0902
0%03
0504
0905
€306
0907
0908

0220
0221
0222
0223
0224
0225
0226
0221
0228
0229
022A
0z28
022C
0226
022E
022F
0230
0231
0232
0233
0234
0235
023¢
0237
0238
0239
023A
0238
023C
023C
023¢E
Q23F
0240
0241
0242
02«3
0244
0245
024¢
0247
0248
02438
0244
0248
024C
024L
024E
024F
0<50
0251
0252
0253
0254
0255
D25¢
02517
0258

6C68
80C8
4774
4F63
6C74
60C38
4768
4FTe
6C638
80B+4
774
«F63
6CT4
6081
4763
4FT4
6C63
8031
477+
4F63
6CT4
SFCT
47638
4F T4
6C68
9FeD
4774
4F63
6C74
9eCD
4768
«F T4
6L63
9ES7
«7174
4F68
6C74
SDF3
4768
“F74
6C63
9DCA
“174
“F6B
6CT4
90D«
4768
“FT4
6Cé63
9EZ27
4774
4FEB
6CTe
SECA
«763
4FT4
6C63

LTA
MP YK
IN
our
LTA
MP YK
IN
our
LTA
MPYK
IN
ouT
LTA
MPYK
IN
ouT
LTA
NPYK
IN
ouTY
LTA
NP YK
IN
ouT
LTA
MPYK
IN
ouTY
LTA
MPYK
IN
our
LTA
MPYK
IN
ouT
LTA
MPYK
IN
ouT
LTA
MPYK
IN
ouT
LTA
MPYK
IN
ouT
LTA
MPYK
IN
ouT
LTA
MPYK
IN
our
LTA

«PILOY
PLPF3
TEMP1,7
wPILOT,7
TEMP1
PLPF10
CPILOT,7
TEMPL,7
QPILOT
PLPF11
TEMP1,7
CPILOT,7
TEMPL
PLPF1l2
QPILOT,7
TEMPL,7
GPILIT
PLPF13
TEMPL,7
QPILOT,?
TENPL
PLPF14
QPILOT,7
TEMP1,7
QPILOT
PLPF15
TEMP1,7
QPILOT,7
TEMPL
PLPFlé6
QPILOT,7
TEMPL,7
QPILOY
PLPF17
TEMP1,7
QPILOT,7
TEMP]
PLPF18
QPILOT,7
TEMP1,7
QPILAT
PLPF1S
TEMP1,7
QPILOT,7
TEMPL
PLPF20
GPILOT,7
TEMP1,7
QPILOT
PLPF21
TEMPLl,7
CPILOT,7
TEMP]
PLPF22
QPILOT,?7
TEMPL,7
GPILDY

PAGE 0016




I G909
- 0910
0911
0%12
0913
0914
0915
0916
L0517
) 0918
09195
0920
0521
0922
. 0923
}0924
1 0925
0326
0327
0928
0329
03930
10931
106532
0333
10934
\0935
0936
0337
0938
0939
0940
0941
0942
10943
0944
0345
‘0346
0947
0348
0949
‘0950
03951
0952
P953
0954
0955
P956
0357
358
B959
0560
0961
)962
)963
}364
?965

0259
0254
0258
025¢C
0250
025¢
025F
0260
0261
0262
0263
0264
0265
0266
0267
0268
0269
026A
0268
026C
026D
026E
026F
6270
02171
0272
0273
0274
0275
02716
02717
0278
0279
027A
0278
027C
027C
027¢
027F
0280
0281
0282
0283
0284
0285
0236
0287
0z38
02389
0284
0288
028C
0230
028E
028F
0290
0291

9FC1
«T774
4F63
6CT4
8106
4768
4F T4
6C63
828¢E
4774
4F68
6CT«
8446
4768
4F74
6C68
§617
“174
4Fé8
6C74
BTES
47638
4F T4
6C68
8994
4774
4F68B
6CT4
8306
4763
4FT4
6C638
8C23
4774
4F68
6CT4a
8CDs
763
4FT 4
6C68
8013
4714
4F68
6CT4
8CO6

47638

4FTe
6Cé8
8C23
4774
4F63
67«
8806
4763
4FT4
6Cé8
899«

MPYK
IN
ourt
LTaA
MP YK
IN
ouT
LTA
MP YK
IN
out
LTA
MP YK
IN
ourt
LTA
MP YK
IN
our
LTA
MP YK
IN
ouT
LTA
MP YK
IN
our
LTA
MP YK
IN
ouT
LTA
MP YK
IN
our
LTA
MP YK
IN
gur
LTA
MP YK
IN
ourT
LTA
MP YK
IN
gur
LTA
MP YK
IN
our
LTA
MP YK
IN
ouT
LTA
MP YK

PLPF23
TEMP1,7
QPILOT,7
TEMP1
PLPF24
QPILOTY,7
TEMPL1,7
QPILOT
PLPF25
TEMPL1,7
GPILOT,7
TEMP1
PLPF26
QPILOT,7
TEMPL1,7
QPILOY
PLPF27
TEMP1,7
QPILOT,7
TEMP1
PLPFZ28
QPILOT,7
TEMP1,7
QPILIT
PLPF23
TEMPL1,7
QPILOT,?
TEMP1
PLPF30
QPILOT,7
TEMP1,7
QPILOY
PLPF31
TEMPL,1
QPILOT,7
TEMP1
PLPF32
QPILOT,7
TEMP1,7
QPILOT
PLPF33
TEMP1,7
QPILOT,7
TEMPL
PLPF32
CPILOT,7
TEMP1,7
QPILOY
PLPF31
TEMP1,7
QPILOT,7
TEMP]
PLPF30
QPILOT,7
TEMPL,7
QPILOY
PLPF2S

ORIGINAL PAGE 15

QF POO

R QUALITY

PAGE 0017



0966
0987
0968

0969

10970
0971
05§72
03173
0974
0975
0976
0977
0978
0979
0980
0981
0982
0983
0984
0985
0986
0987
0988
0989
0990
0991
0992
09s3
0994
0995
0396
0397
0393
0999
1000
1001
1002
1003
1004
1005
1008
1007
1003
1009
1010
1011
1012
1013
1014
1015
1016
1017
10138
1019
L020
1021
1022

0232
0233
0294
02935
023¢
02917
0298
0299
0294
0298
029C
0290
029€
029F
0240
0cal
02A2
0za3
0244
0245
02A¢
02A7
0zA8
0249
02AA
02AB
02AC
02A0
02AE
02AF
0230
0231
0282
0283
0284
0285
0236
0287
02838
0289
0234
o288
028C
0cacC
028€E
028F
6<CO
02C1
02C2
02C3
02Cas
02C5
02C6
02C1
02Cs
02C9
02CA

«174
«Fé3d
6CTe
87Es
«765
4FT4
6C6B
8617
4774
4F68
6Cl4
8446
4768
4F74
6Cé63
828:
4774
«Fé68
6CT4
8106
4763
4F7T4
6C63
9FC1
47174
4Fé68
6CT4
SECA
4768
4FT4
6C68
9E27
4174
4F68
6CT4
S0D+4
4768
“F1¢
6Cé8
90CA
4774
4F63
6C74
S0F3
4768
4F T4
6C63
9ES7
«774%
4F65
6C74
5zCD
4763
“FT4
6Cé63
SF&40
4774«

IN
ouT
LTA
MP YK
IN
our
LTA
MPYK
IN
cur
LTA
MPYK
IN
ouT
LTA
MPYK
IN
ouT
LTA
MPYK
IN
aurT
LTA
MP YK
IN
ouTr
LTA
MPYK
IN
ouT
LTA
MPYK
IN
ouT
LTA
MPYK
IN
gur
LTA
MPYK
IN
Curt
LTA
MPYK
IN
ourT
LTA
MPYK
IN
ouT
LTA
MPYK
IN
our
LTA
MPYK
IN

TEMPL1,7
QPILOT,7
TEMPY
PLPF28
CQPILCT,7
TEMP1,17
QPILOT
PLPF2?
TEMP1,7
GPILOT,7
TEMP1
PLPF2¢€
CPILOT,7
TEMP1,7
QPILOT
PLPF25
TEMP1,7
QPILOT,T7
TEMP]
PLPF24
CPILOT,?
TEMP1,7
QPILOY
PLPF23
TEMP1,7
QPILOT,7
TEMP1
PLPF22
QPILOT,7
TEMPL,7T
CQPILOT
PLPF21]
TEMPL,7T
PILOT,7
TEMP]
PLPF20
<wPILOT,7
TEMPL,7
QPILQTY
PLPF19
TEMP1,17
QPILOT,7
TEMP1
PLPF18
QPILAT,7
TEMP1,7
QPILDTY
PLPF17
TEMP1,7
QPILIT,7
TEMP]
PLPF1&
QPILOT,7
TEMPL,7
QPILQT
PLPF15
TEMPL1,7

ORIGINAL PAGE IS

PAGE 0018



1023
1024
1025
1026
1027
1028
1029
1030
1031
1032
1033
1034
1035
1636
1037
11038
1039
1040
1041
1042
1043
1044
1045
1046
11047
11048
1049
11050
1051
1052
1053
11054
1055
1056
1057
1053
1059
1060
1061
1062
1063
1064
1065
1066
1067
068
069
070
1071
1072
1073
1074
1075
1076
1077
1078
1079

o2ce
02cc
o2cC
02CE
02CF
0200
0201
0222
02D3
0204
0205
0206
0207
0208
0209
0204
0208
022¢C
0200
020€
020F
02E0
02E1
02€2
0223
02E4
02ES
02E6
02E7
02€8
02E9
02EA
0ZEB
02€C
02EC
02EE
02:F
02FC
02F1
02F2
02F3
02F4
02FS
02F6
02F17
02F8
02F9
02FA
02FB
02FC
02FC
0ZFE
02FF
0300
0301
0302
0303

«Fé63
6CT4
9FC7
4768
4F T4
6C68
8031
4774
4Fé63
6CT4
8061
47635
«F14
6C63
s08¢
4768
4Fé638
6C74
80CH3
47638
4F638
6C14
80C8
4768
4F68
6CT4
8080
4768
4Fé68
6CT«
8088
4768
4F68
6C74
6060
4768
4F63
6CT4
8036
4763
4F68
6C74
8011
47638
4F68
6C74
9FFs
4768
4Fé68
6CT4
9FES
4768
4Fé68
6CT«
9F34
TF8F
59648

ourt
LTA
MPYK
IN
ouT
LTA
MP YK
IN
our
LTA
MP YK
IN
ourt
LTA
MP YK
IN
ourY
LTA
MP YK
IN
cuY
LTA
MPYK
IN
ouY
LTA
MP YK
IN
our
LTA
MPYK
IN
ouT
LTA
MPYK
IN
guT
LTA
MPYK
IN
ourT
LTA
MPYK
IN
ouT
LTA
MPYK
IN
our
LTA
MPYK
IN
ouT
LTA
MPYK
APAC
SACH

QPILOT,7
TEMP1
PLPF1l4
GPILOT,?
TEMPL1,7
GPILOT
PLPF13
TEMPL,7
QPILOT,7
TEMP]1
PLPF12
QPILOT,7
TEMPL,7
QPILOY
PLPF11
IPILOT,?
IPILOT,T
TEMPL
PLPF10
IPILQT,7
IPILOY,Y
TEMP]
PLPF9
IPILOT,7
IPILOT,7
TEMPL
PLPFB
IPILOT,?
IPILOT,7
TEMP]
PLPF7Y
IPILOT,7
IPILOT,7
TEMPL
PLPF&
IFILDT,7
IPILOT,7
TEMP1
PLPF5
IPILGT,7?
IPILOT,T
TEMPL
PLPF4
IPILOT,7
IPILOT,?7
TEMP1
PLPF3
IPILOT,7
IPILIT,?
TEMPL
PLPF2
IPILOT,7
IPILOT,7
TEMP]
PLPF1

CPILOT,1

PAGE 00159



1080
1081
1082
1083
1084
1085

+ 1086

1087
1088
1089
1C90
1091
1092
1093
105«
1095
1096
1097
10938
1099
1100
1101

1102
1103
1104

1105
1106
1107
1108
1109
1110

1111
1112
1113
1114«
1115
1116
1117
11138
1119
1120
1121
1122
1123
1124
1125
1126
1127
1128
1123
1130
.131
1132
.133

0304
0305
0306
03017
0308
0309
030A

0308

030C
030C
030¢

030F
0310
0311
0312

0313

0314
0315
031¢
0317
0318

0315
0314
0318
031C
031C
031E
031F
0320
0321
0322
0323
G324
0325
0326
0327
0328
0329

6565
587C
7783
5874
6568
5878
TF88
5375
6274
FADQ
0342

6574
FECO
0319
7F89
5061
7€01
0074
6715¢
F300
032F

6475
1F80
6415
7F80
6415
TF80
6475
7F80
6475
1F80
6415
T1F60
647°
TF80
5015
21715
0074

B4 NONNNNDOn .

PAGE 0020

Sine ind Cosine Calculation
ORIGINAL PAGE IS
The velues for sin & cos are OE POOR QUALITY
storec for the region 0 - piz4
in 128 locations each; the pilot
samples are first stripped for
sigh and then comgared to determine
the octant before table lookug:
the sign is then re-appended after
the values have been determined;

ZALH QPILOT )}

SACH QSIGN } Strip Q pilot sign.
ABS }

SACH TEMPL

ZALH IpPILOT }

SACH ISIGN } Strip I pilot sign.
ABS )}

SACH TEMP2

SUBH TEMPL } Compare magnitudes to
BL2Z IOVERQ } determine octant.
IALH TENMP] ) Check if denominator
BNZ DIVQOI } equals zero.

ZAC

SACL ces

LACK >1

ACD ShOFST

TB8LR SIN

B FIXSGN

NeBe. 2 NCP°s are insarted after each SUBC
instruction because the instruction
following a2 SUBC may not use the
accunrulator.

SusC TEMP2 ) 7T 8it Fractional
NOP

susc TEMPZ ) Divide
NOP

SL3sC TEMP2 } -

NCP

Su3C TEMP2 )] .

NOP

SUBC TEMP2 } .

NOP

suscC TEMP2 ) .

NOP

Sus( TEMP2 } End of Divide
NOP

SACL TEMP2

LAC TEMPL, 1

ADD SNOFSTY



1134
1135
1138
1137
1138
1139
1140

1141
1142

1143

1144
1145
11406
1147

1148

1143
1150
1151

1152
1153
115«

1155
1156
1157
1158
11593
1160

1161
1162
1163
1164
1165
1166
1167
1168
1169
1170
1171
1172
1173
1174
1175
1176
1177
1178
1179
1180
1181
1182

0324
0328
032C
032¢C
032¢
032F
0330
0331
0332
0333
0334
0335
033¢
0337
0338
0339
0334
033¢
033C
033C
033t
033F
0340
0341

0342
0343
0344
0345
034¢
03617
0348
0349
0344
0348

034C
03«C
034E
Q34F
0350
0351
0352
0353
0354
0355
0356
0357
0358
03569
0354
0358

675¢
5015
T£01
ga15
6761
6578
Fago
0337
657C
FAODO
033t
Fs00
0373
1061
5061
657C
FAOO
033¢
F300
0373
105E
S505¢€
F300
0373

6575
FEOO
034C
TF83
505¢
7E01
0074
6761
F300
0362

6474
TF80
€4l
TF80
6el4
T1F80
6474«
TFB0
E4Te
TF80
6474
T1F80
6474
1F80
507«
2174

TELR
SACL
LACK
ACD

T8LR
ZALH
BL2Z

IALH
8L

suscC
NCP
SuscC
NOP
susc
NCP
su3c
NCP -
susc
NOP
suec
NCP
SusC
NOP
SACL
LAC

PAGE 0021
SIN } Read sine value.

TEMP2

1 } Increment lookup address.
TEMP2

cGs } Read cosine value.

ISIGN
su3dIl )

[

QSIGN Re-appaend Sign.

su3Ql )
ST:ZPS

cas
cos
QSIGN
sugqQi

STEPS

SIN
SIN
STEPS

TEMP2 } Check if denominator
DIVIOGQ } equals zero.

SIN

>1
SNOFST
C€Cs
SCNFIX

NOP*s are inserted after each SUBC
instruction because the instruction
following 2 SUBC may not use the
accumulator.

TEMP1 ) 7 6it Fractional
TEMPL ) Divide

TEMP1 )} .

TEMP1 } .

TEMPL } .

TEMPL )} .

TEMPL } End of Civide
TEMP1

TEMP1,1



WEMr ARuw

1183
1184
1185
1186
1187
1188
1189
1190

1191
1192

1193
119«
1165
1196
1197

1198

. 1199

1200
1201

11202

1203
1204
1205

. 1206

1207
1208
1209
1210
1211
1212
1213
1214
1215
1216
1217
1218

1219
1220
1221
1222
1223
1224
1225
1226
1227

1228

1229
12390
1231
1232
1233

03s5C
03sC
035E
035F
0360
0361
0362
0363
0364
0365
0366
0367
0368
0369
036A
0368
036C
0360
036E
036F
0370
0371
0372

0373
0374
0375
037¢
@317
0378

0373
0374A
0378

037C
0370
037E
037F
0380
03381

0382
0383
0384
0385
0386
03817

0388
0389
038A

0386

0074
6761
5075
7€01
0075
6715¢
6578
FACO
0364
657C
FAOO
0371
F300
0373
1061
5061
657C
FAO0O
0371
F300
0373
105E
505¢

6562
6261
5878
1F83
5874
6AT4

8333
TFBE
0872

5066
6578
FDOO
0382
10656
5066

655F
625E
587C
7F88
5874
6AT4

8333
TFBE
0872

5064

L I )

SGNFIX

SuBlI2

NEXT1

sus
SACL
ZALH
BLZ

B8

Sus
SACL

Calculate Pilot,
and Sine Step Sizes.

IALH
SUBH
SACH
ABS
SACH
LY

MPYK
PAC
ADD

SACL
ZALH
EGEZ

sus
SACL

IALNH
SUBH
SACH

ABS

SACH
LT

MPYK
PAC
ADD

SACL

Ll R

SNOFST
CCs
TEMP2
1
TEMP2
SIN
ISIGN
SUBI2

QSIGN
SuggQ2

STEPS
Ccos
cas
CSIGN
suBQ2
STEPS

SIN
SIN

PRECOS
cos
ISIGN,O

TEMP1,0
TEMP1

>333

ONE, 11
CCSSTP
ISIGN
NEXT1

COSSTP
cessTe

PRESIN
SIN
QSIGN,O

TEMP1,0
TENMP1

>333
ONE,11

SINSTP

- v e .-

S

-t

PAGE 0022

Reacg cosine value.
Increment lookup address.

Read sine value.

Re—-append Sign.

ORIGINAL PAGE IS
OE POOR QUALITY

Multiply by /5.

"Round off result.

Correct for negative
result.

Multiply by 1/5.

Round off result.



N S W g Y

1234
1235

1236
1237
1238
1233
1240
1241
1242
1243
1244
1245
1246
1247
12438
1249
1250
1251
1252

1253
1254
1255
1256
1257
1258
1259
1260
1261
1262
1263
1264
1265
1266
1267
1268
1263
1270
1271
1272

1273
1274
1275
1276

1277
12738
1279
1280
1281
1282
1283
1284
1285
1286

038C
0330
038¢
038F
0330

0391
0392
0393
0394
0395
0396

03937
03938
0399

0394
0398
039C
0330
039E
033F

03A0
03A1
03Aa2
03A3
03A4
03AS

0346
03A7
03A8

0349
03AA

0348
03AC
03AC
03AE
03AF

0380
0381

0382
0383

0384
0385

0386

657C
FDOO
0391
1064
5064

6569
62638
5818
1F88
5874
6AT4

8333
TF8c
0872

506E
65738
)
03A0
106¢%
£06¢

656C
6268
587C
7F838
5874
6AT4

8333
T1F8E
0312

070
651C

4D72

FDOO
QOF7
1070
5070

F300
QO0F7

6E0D
1F83

4000
4000

NEXTZ

NEXTZ

8 8 N

*

ZALH
BGEZ

sus
SACL

ZALH
SUBH
SACH
ABS
SACH
LY

MP YK
PAC
ADD

SACL
LALH
BGEZ

sus
SACL

ZALH
SUBH
SACH
ABS
SACH
LY

MP YK
PAC
ADD

SACL
IALH

ouT
8GEZ

sus
SACL

R R S

CSIGN
NEXTZ2

SINSTP
SINSTP

oLoIP
IPILOT
ISIGN,O

TEMPL1,0
TEMP1

>333

ONE, 11
IPSTP
ISIGN
NEXT3

IPSTP
IPSTP

oLoQr
QPILOT
QSIGN,»O

TEMP]
TEMPL

>2133
ONE,11

QPSTP
QSIGN

ONESS
BKGRND

QPSTP
QPSTP

BKGRND

LA

ot

PAGE 00213

Correct for negative
result.

ORIGINAL PAGE IS
OE EOOR QUALITY.

Multiply by 1/5.

Round off result.

Correct for negative
result.

Multiply by 1/5.

Round off result.

Reset ram counters.

Correct for negative

result.

Reset Initialization Routine

LDPK
SOvM

IN
ouT

LACK

0

20,0
20,45

}
}

)}
}

Point to data page 0.
Set overflow mode.

Clear interrupt pin.
Reset ram counterse.



el N

1287
1283
1289
1290
1291
1292
1293
1294

1295
1296
1297
1298
1299
1300
1301
1302
1303
1304
1305

1306
1307
1308
1309
1310
1311
1312
1313

1314

1315

1316

0337
0388

0339
0384
a3a8
03ecC
0380
033¢

033F
03Co

03C1
03C2
03C3
03C4
03Cs

03Cé¢
03C1?

0500

0500
0501
0592
0503
0504
0505
0506
0507
0508
0509
0s0aA
0508
050C
0500
050E
050F
¢510
0511
0512
9513
0514
0515
0516
0517
0518
0519
0514A
051e
051C

- o

$000
6A00

6880
T07F
1F89
5088

F400

038C

1054
7159

7e01
5072
6500
TF8¢t
5074

F3900
00F7

0000
T1FFF
0102
1FFF
0204
1FFC
0306
TFF7
0408
TFFO
0509
TFE7?
0604
TF08B
07103
1FCE
g8o0C
T1F8F
090C
TFAS
0AQGC
T7F93
030C
TF86
0COA
TF6F
0009
TF56
0EODS

CLRRAM

* M N N

»

SACL
Ly

LARP
LARK
lAC

SACL
3ANZ

LARK
LARK

LACK
SACL
MP YK
PAC

SACL

Sine

ACRG

DATA

DATA

DATA

DATA

DATA

>0
>0

0
0,>7F

¥
CLRRANM
0y IBUFF
1,QBUFF
1

ONE
OFFSETY
CSOFSTY

BKGRNLC

A N g -~ o

~

PAGE 0024

ORIGINAL PAGE IS
OE POOR QUALITY

Clear internal ram.

Initialize auxiliary
register pointers.

Store constants in raa.

Branch to eaiting state.

and Cosine Table Lookup Values

>500

093276792584327674516932764

T1453275991032,32752,1289,32743

1546,32731,1803,32718,2060,32703

23164326869257243266792828932646

3082932622,3337+32598,3590,32571




YWEeMPrRKU.

1318

1319

1320

1321

1322

1323

1324

051C
051¢
051F
0520
0521
0522
0523
0524
0525
0526
0527
0528
0529
052A
0528
052C
0520
052¢
052F
3530
0531
0532
0533
0534
0535
0536
05317
0538
0539
0534
0538
053C
0530
053¢
053F
0540
0541
0542
0543
0544
0545
0546
0547
0548

0549

s 054 A

1346

1327

0548
054C
054C
0S4E
054F
0550
0551
0552
0553
0554
0555

QelVW TaMiwl

IF38
0F0«¢
TFLZ
1000
T1EFF
10F3
TEDC
11Fé
T€E8BC
12F0
TE9?
13E3
T1ET1
14E2
TE4S
15D9
1E1Ff
16CF
T0F 4
17C5
70Cé
1883
7097
19AC
1066
1A9€E
7034
188F
7000
1C7F
T7CCA
1060
7Cs2
1E5A
7CS9
1F&46
TC1F
2031
T8E3
2114
T8AS
2202
71866
22E8
1826
23C¢t
TAESG
2481
TAAlL
2593
TASC
26T
TA16
2753
79CF
2831
7987

AL AW M od el wwn -0 e v ..

DATA

DATA

DATA

DATA

DATA

CATA

DATA

DATA

DATA

DATA

PAGE 0025

38449325629409693251194347,32478

ORIGINAL PAGE IS
OE POOR QUALITY

4598,3244494848,9326407,5097,32369

5246932329,5593932287,+5839,32244

6085,3213€,6329,32151,6572,32102

6814,3205297055532000,7295931946

7533,31890,7770,31833,8006,31775.

8261-31715.8674'31653q8706o31590

8936,31526,9166,31460,9393,31393

9619,3132499844,31254,10067,31183

10289,31111,10509,31037,10727,30962



- A e

1328

1325

1330

1331

1332

1333

1334

1335

1336

0556
0557
0558
0559
0554
0558
055C
0550
055E
0S5F
0560
0561
0562
0563
0564
0565
0566
0567
0558
056$
0564
0568
056C
056C
056E
056F
0570
0571
0572
05173
0574
0575
0576
05717
0573
0579
057A
0578
057C
0570
05TE
057F
0580
0581
0582
0533
0584
0535
0586
0587
0538
0589
053A
0536
058C
0580
058E

- o W

<900
7930
29E7
13F2
2ACO
T8A6
2897
7853
2060
7808
2041
17eC
2E13
7768
2EE«
7714
2FE3
76C8
3080
1675
314C
1620
3216
75C8
320t
1575
33A5
151F
3469
T4C7
3523
T46F
3S5tEc
7416
36A0
738C
3768
7361
3827
7306
38E2
TZA8
339A
T24E
3A51
T11iF1
3806
7194
388A
7136
3C68
7008
3018
7079
30CA
7014
3E76

FEER BT R Sy

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

PAGE 0026

ORIGINAL PAGE IS
QF POOR QUALITY

10964,30886511159,30809,11373,30731

11585430652,11795430571,12004,30490

12211430408412416930325,12620930240

12822+30155+13022,30069913221,29983

12417,29895513613,29807,13806,29718

13997,29628914187,29537,14375,29446

14562+29355914746929262514929,29169

15110,29076,15290,28982,15467,28888

15663,28753,15818,28698,15990,28602
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1337

1338

1339

1340

1341

1342

1343

1344

1345

1346

058F
0590
0531
0592
0533
0594
0595
0596
0591
0598
0593
0534
0538
059C
0590
053¢
053F
05A0
05A1
05A2
05A3
05A¢
05A5
0546
0547
05A8
05A9
J5AA
05AB
05AC
05AC
0S5AE
05AF
0530
0581
0532
0583
0584
0£85
0536
0587
0538
0589
0584
0588
058C
0580
058¢E
JS8F
0sCo
0sC1
05C2
0sC3
05C4
05C5
05Cé
05C7

-

&FBA
3F21
6FSA
3FCA
6EF3
4071
6E£98
4117
6E37
41BA
6006
4250
607+
42FD
6012
439C
6CB0
4433
6C4E
4404
68EB
458E
6888
4606
6825
«69%0
6AC3
4732
6A60Q
47C5
69FC
4857
6995
48E7
6936
49175
68C3
4AQ02
686F
4ABZ
680C
«B17
6TA3
48A0
671456
4C26
68E2
4CAC
667TF
4D2F
661C
4DB2
6583
4t32
6556
4EB2
64F4

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

PAGE 0027

1€6161,28506,16330,28409,16497,28312

ORIGINAL PAGE IS
OE POOR QUALITY

16663,28215,16826928118,16989,28020

17149,27922,17308,27824917465,27726

17620,2762T,17774927528,17926427430

18077,27331,18226,27232,18373,27132

18519,27033,18663,26934,18805,26835

18946,26735,19086526636919223,526537

19360,26438919494,26338,19628,26239

19759,26140,19890,26041,20018,25942

201464258B44520272,25745920396425647



VEMArRKuUL

1347

1348

1349

1350

1351

1352

1353

1354

1355

1356

0scCs
05C9
05CA
0sCe
05CC
05CD
05CE
05CF
0500
0501
0502
05013
0504
0SDS5
0506
0507
0508
0509
05DA
0508
050C
0500
050¢
05DF
05EQC
05€1
05€2
05E3
05E4
05¢c5
05ceé
057
0SES
05€E9
OSEA
05€E8
05€eC
0SED
0S5EE
OSEF
05F0
0S5F1
05F2
05F3
O5F4
05F5
05F6
0SF7
O0SF8
05F9
O5FaA
05F8
0SFC
O05FC
OSFE
O0SFF

34V ramiLd

4F30
6491
4FAC
642F
5027
63CC
S0Al
636A
5113
6308
5190
62A6
5205
6245
52745
61E3
52EC
6182
5350
6121
53CD
60C1
543C
6060
54AA
6000
5516
5FAQ
5581
S5Feal
55€8
SEE2
5653
SE63
56BA
SE2«
5720
5D0CS
5785
5061
57E9
SDOA
5848
SCAC
SB8AD
5C4F
5300
SBF2
596C
5896
59CA
S834
5A27
5A0¢c
SAB2
5A82

MALXY FoQLloean ced Uoewiw e v e

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

PAGE 0028

ORIGINAL PAGE I3
OE POOR QUALITY

20519925548,20641,25450520761,25352

20880425254920997,25157,21113,25059

21228,249€62921341,24865,21453924769

215649246725216T74924576,521782,24480

21889,24385521995,24290922099,24195

222025241005223049240Q05022405,23911

22505423818,22603,23724,22701,23631

22797,23538¢22892923446922986923354

23079,232€62923170,23170



WEMArAWw

1357
1358
1359
1360
1361 0700
1362
1363 0700
1364 0701
1365 0702
1366 0703
1367 0704
1368 0705
' 1369 0706
1370 0707
1371 0708
0709
1372 0704
1373 0708
1374 070C
1375 0700
1376 OT0E
1377 070F
0710
1378
1379
ND ERRORS,

Qv THNALGL

4 0o0HN

7801 8007
5000
6A00
87FF
1F8E
6704A
1004
1000
FDOO
0705
8382
1F8E
500A
7€01
T00A
F300
0382

NOTOLN

*

NO WARNINGS

MRALAL RQoCf Jb=hn “we b Vaeowiw

Bootstrapping Routine for
Loading Program Code fron
EPROM®s to RAN.

ACRG

LACK
SACL
LY
MPYK
PAC
TELR
TBlw
sue
BGELZ

MPYK
PAC
SACL
LACK
TBLW
B

END

>700

21
>0
>0
>TFF

A
>A
>0
NOTDUN

RESET

>A
>1
A
RESET

DRIGTL L v,
OF POOR QU

ALITY

PAGE 0029




